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Some other Man, in my Glace: would perchance, make 
you twenty Apologies, for his want of Skill, and Address, 
in governing this Affair, but these are Formal, and 
Pedantique Foolertes: As if any Man that first takes 
himself for a Coxcomb in his own Heart, would afterwards 
make himself one in Print too. This Abstract, such as it 
is, you are extremely welcome to; and I am sorry it is no 
better, both for your sakes and my own. 

Books, and Dishes have this Common Fate; there was 
never any One, of Either of them, that pleas'd All Palates. 
Anda, in Truth, it isa Thing as little to be Wish'd for, 
as Expected; For, an Universal Applause is at least Two 
Thirds of a Scandal. So that though I deliver up these 
Papers to the Press, I invite no Man to the Reading of 
them: And, whosoever Reads, and Repents; it is his Own 
Fault. To Conclude, as I made this Composition Principally 
for my Self, so it agrees exceedingly Well with My 
Constitution; and yet, if any Man has a Mind to take part 


with me, he has Free Leave, and Welcome. 


Sir Roger L'tEstrange in 1673 
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ABSTRACT 


Part (1) describes several attempts to generate the 
iridoid skeleton from 10-functionalized geraniol deriva- 
tives. Several electrophilic, nucleophilic and photo- 
chemical reactions were investigated. As a result of 
some observations on the nature of allylic Grignard 
reagents a synthesis of an isomer of farnesol was completed. 

In part (2) a successful chemical correlation 
between the annotinine and the ester "M" skeleton was 
achieved. This correlation took advantage of the highly 
strained nature of the cyclopropane ring in ester "M" 
and its successful cleavage using lithium in ammonia. 
The carbon-13 magnetic spectra of a number of annotinine 
and ester "M" derivatives were measured and the various 
absorptions assigned. 

Part (3) is an account of the various chemical and 
physical methods by which the structure of cyathic acid, 
a new novel pentacyclic triterpene acid, was determined. 
This new acid was correlated with the known co-occurring 
compounds glochidone and glochidonol. The carbon-13 
Magnetic resonance spectra of a large number of deriva- 
tives of cyathic acid, glochidone, glochindonol and lupeol 


were measured and assigned. 
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CHAPTER ONE 
INTRODUCTION 

Since the dawn of organic chemistry many naturally 
occuring compounds have been discovered. Among these 
are the class of monoterpenes. Monoterpenes may be 
regarded as formed by the union of two molecules of 
isoprene (1) and therefore contain ten carbon atoms. 
This is their distinguishing characteristic. A particular 
type of monoterpene is the Iridoids. These are ten carbon 
molecules which contain a five-membered ring. Some 
examples of these are irododialt (2) nepetalactone (3) 


and loganin? (4). 


A~ ZA CHO 


CHO 


The stereochemistry (5A) found in these molecules is 
common to nearly all members of the Iridoids. Leos 
reasonable therefore to assume that they are all produced 
by the same biosynthetic route. Since they are obviously 
monoterpenes it is further assumed that they are derived 


from geraniol (5) and hence from mevalonic acid (4A). 
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(4A) (5) (5A) 


In 1957 Sir Robert Robinson suggested that the 
Iridoids were derived from geraniol or a derivative 
thereof. He showed the feasability of his idea by 


synthesizing irododial (2) from (-) citronellal (6). 


GMs CH; CH 
= == 3 


SeO, H* 7 CHO 


CHO 


CHO CHO 


The earlier part of the biosynthetic pathway was 
revealed by the use of radioactive tracers. Thus in 1964 
Yeowell and Schmid administered sodium poe! mevalonate 
(7) to the leaves of Plumeria acuttfolta and found radio- 


activity in the aglucone of the plumieride> 


(8) . 
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Interestingly, half of the total radioactivity was 
equally divided between carbons 3 and 15 of (8) and the 
Other half was found to bewon carbons 5; 6 or 7. ‘This 
implies that somewhere on the route from geraniol to 
plumieride, carbons 9 and 10 of geraniol became equivalent. 

Further developments in iridoid biosynthesis were 
brought about indirectly as a result of work done on 
indole alkaloid biosynthesis. In 1961 Thomas suggested 
that the non-tryptamine part of the indole alkaloids was 


‘ ie. ts ; 6 
derived from an iridoid monoterpene 


(5A). Thus in 
ajmalicine (9) the heavily outlined carbon atoms are 


equivalent toa cleaved iriadoid, (10). 
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In 1966 both Battersby and Arigoni showed that 2- 
geraniol (11) was incorporated into ajmalicine (9) and 


that the radioactivity was present at C-20. 
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Later the same year Battersby suggested that the 


intermediate iridoid involved in indole alkaloid biosyn- 
8 


thesis was loganin™ (4). 
HO si a 
wwOG lu 
O 
CH,OCO” 


This was proven in 1968 when Arigoni, using the 
rhizomes of Menyanthes trtfoltata, showed that Nee 
geraniol (13). gave rise {to loganin (4) containing 85% of 


the activity in the c-3 methyl group.” 
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Thus the link between geraniol and the iridoid mono- 
terpenes was finally established. It has been suggested 
that+citronel lor {Pay}, ett rondéllal“(6) “and wrododial (2) 
were intermediates on the route from geraniol to loganin 
but this was discounted by Bowman in 1969 when he showed 


that irododial is not incorporated in the indole alkaloids 


of Vinca eheele 
H 
CMs CH; 
= = CH3 
CH,OH CHO CHO 
CHO 
(14) (6) (2) 


in 1L970-Battersby and Arigoni both showed that 10- 


hydroxygeraniol (15) and 10-hydroxyneral (16) were 
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OH 
(15) (16) 


They also found however that (9-ct4) 10-hydroxy 
geraniol and (9-eee} 10-hydroxy nerol gave rise to loganin 
(4)in "which the labelois equally divided between C-3 and 


CH 1. 
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CHOCO” 3 


(4) 
They therefore postulated the» intermediacy of the 


trialdehyde (17) between geraniol and loganin. 
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(17) 
They chose the neral version of the trialdehyde 
rather than the geranial version on account of the co- 


occurence of foliamenthin (18) in similar plants.!? 


(18) 
We were encouraged by all this work to look for a new 
biomimetic approach to the synthesis of Iridoids. In 


particular the discovery in nature of 10-functionalized 
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geraniol derivatives led Ba to believe that we could form 
the cyclopentane ring by simply introducing a single 
functionality at C-10 in geraniol. This was based on the 
earlier discovery that allylic Grignard reagents could add 
to the double bond of the salts of certain allylic 


aleohois ,7> e.g.) 


We felt a similar reaction might occur with the 


Grignard derivative of 10-bromogeraniol 


The stimulus for our search for a new biometic route 


to the iridoids was provided by the discovery in these 
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laboratories of a new class of diterpenes which contained 
similar structural characteristics to those found in 
the Tridoids.?? 

These are~che cyathins = a group”of ‘tricyclic diter- 
penes containing five, six and seven-membered rings. 
They are obtained from Cyathus helenae - a bird's nest 
fungus which grows at an altitude of about 7000 feet in 
the Canadian Rockies. Two examples of cyathins are A3 


(19) sand (Bo -20). 
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(19) (20) 

Although there has been to date no successful work 
done on the biosynthesis of the cyathins a biogenetic 
scheme has been advanced.?> This scheme bears only a 
little resemblance to the biosynthetic pathway of Iridoids. 

In particular the five-membered ring is formed by 
carbonium ion attack on the isopropylidene residue, whereas 


in iridoids it seems clear that it is formed by nucleophillic 
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attack on the peegropyiddene group. 

However this is of no consequence when one considers 
the synthetic approaches to the cyathin structure. First 
of all the regular synthetic routes to the Iridoids are 
of little value as most of these start with a pre-formed 
five-membered ring. The task then becomes simple, as the 
six-membered ring is easily constructed around this. 
Apart from Robinson's biogenetic - like synthesis there 
are no routes to the Iridoids which involve as their 
final step the formation of a five-membered ring).° From 
the point of view of a cyathin synthesis this is however 
a critical step. Thus our objective was not simply to 


investigate a new route to the Iridoids, but also to 


develop a viable method of forming five-membered rings. 
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DISCUSSION AND RESULTS 
The route to 10-bromogeraniol has already been mapped 
out in a communication by Grieco.-- It was decided to 


follow his scheme in outline. The basic details are shown 


below. 
CH, OH SS CH, OAc 
BECO 
CH 
Py me SQ7-CHOAc 
NaBH, H *© Ree H 


The acquisition of pure geraniol as starting material 
presented difficulties. Most commercially available 


geraniol: isa synthetic) and.is at best 50% pure. It is 
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usually a mixture of the two double bond isomers (21) 


and (22). 


H CHJOH 
SQ /-CH, OH eC 
H 


(21) (22) 


They are distinguished by the position of the 
hydroxymethylene absorption in the P.M.R. of these 
compounds. In geraniol (21) this group appears at 6 4.1 
and invehe isomer, (22)it oceurs av 6) 3.0, 

In separating these compounds we made use of an 
observation of Jacobsen that geraniol forms a crystalline 
complex with anhydrous calcium chloride.*® We found this 
procedure excellent in every detail. Calcium chloride is 
added to a solution of geraniol in hexane and cooled to 
-40°C for 30 minutes. The calcium chloride complex is 
filtered off and hydrolysed with water. Very pure geraniol 
is recovered by extracting the aqueous mixture with ether. 

Geraniol was acetylated using acetic anyhdride with 


sodium acetate as catalyst in benzene.?? The yield after 


purification by spinning band distillation was 90%. 
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The introduction of a functional group at the 10 
position of geraniol is an easy matter. It has been 
known for many years that the reaction of selenium dioxide 
with geraniol acetate in 95% ethanol produces an aldehyde 


exclusively at the 10 positionss 


SeO? 
95% EtOH 


(22A) 


This result is in apparent contradiction “tothe rules 
developed by Guillemonat for Se0. oxidations.“ According 


to Guillemonat the main product should be the ketone (23). 
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A number of different explanations have appeared to 
account for this anomaly and also the remarkable stereo- 


selectivity, in that only C-10 aldehyde is produced and 


2 


not the on However the unravelling of the mechanism 


of the seo, oxidation of olefins by Sharpless in 1972 


offers a clear explanation. *? 


— HX \+ H,O ee) 


X= Y= OH or OEt 


The solvated se0, participates in an ene reaction 


with the E side of the double bond to give (24) which 


collapses to thevallyl “sellenic ‘acid’ (25): This rearranges 
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by a 2, 3 sigmatropic rearrangement to give the selenium 
(II) ester (26). This ester is either hydrolysed to the 
alcohol or eliminates HX and selenium metal to give the 
aldehyde. 

Initial attempts to carry out this reaction using 
one equivalent of geranyl acetate and one equivalent of 
selenium dioxide in refluxing 95% ethanol for 1 hour led 
to a poor yield. The product consisted of 60% starting 
material,and 35% of the alcohol (28). Only a small amount 


of aldehyde (27) was produced. 


i ° 
SS ee SS die he 


~ H H 
CHO CH2OH 
(27) (28) 


By doubling the molar ratio of Se0,/geranyl acetate 
the yield was markedly improved. The product now contained 
11% starting material, 51% aldehyde (27) and 38% alcohol 


(28). A certain amount of polymeric material was also 


produced. It was found that by employing inverse addition - 


that is slowly adding a solution of SeO., in ethanol toa 


refluxing solution of geranyl acetate, the amount of 
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polymeric material was markedly reduced. There was a 
considerable improvement in overall yield. There was no 
change in the ratio of the products. 

The purification of the aldehyde (27) presented many 
difficulties. The product could not be distilled, as 
the high temperatures required caused considerable 


24 that this is due 


decomposition. It has been suggested 
to the ready elimination of acetic acid via a cyclic 


mechanism. 


a Pas ) CH, 


SS A Hp O 
pi A 
HO* ~CH3 
CHO HO 


Column chromatography over silica gel also caused 


considerable destruction of the aldehyde. Although the 


gross yield of the reaction was 51% aldehyde, as determined 


by gas liquid chromatography, the net yield after column 
chromatography was only 13%. 

A number of chemical approaches to the purification 
were investigated. The aldehyde (27) does not forma 


bisulphite addition complex. It was reacted with 
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N-hydroxylamine in good yield to produce the oxime (29) 


but the latter was an oil and could not be crystallized. 


NH,OH 
H EtOH tt 
CHO CH==N-—-OH 
(27) (29) 


The semicarbazide (30) is readily formed in good 
yield and is a beautifully crystalline compound. 

The semicarbazide was treated with Thallium (IIT) 
nitrate according to Taylor and McKillop.?> This reagent 
was successful in removing the semicarbazide group but 


also caused concomitant oxidation at the 2,3 double Bonde ac 


QL CHOAc SS CHOAc 


TICNO3)3 H oxidation 
H MeOH ata products 
; | 
H=N—NH—C—NH, CHO 


(30) (31) 
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Molecular pe cetiokien under very high vacuum (< 5 
microns) was then attempted and this was found to produce 
reasonable results. In particular geranyl acetate could 
be separated from the oxidation products and this was 
the important consideration. The geranyl acetate distilled 
out of the product mixture at room temperature. By then 
heating the pot to 70°C and using ethanol at -20°C as the 
cooling liquid for the condenser - the aldehyde and 
alcohol distilled over together in good yield and excellent 
purity. 

inydater experiments the crude product mixture from 
the Seo, oxidation was used directly in the next step, 
as itAwabnitound) thate theraleoholy, (28) could be purified 
with ease as its complex with calcium chloride. 

Thet réductiony ofsthernaldehyde! (27) to the alcohol 
(28) was attempted using NaBH, in 2-propanol. The 
product was a mixture of the allylic alcohol (28) and 
the dihydro alcohol (32). .These were separated by G.L.C. 


and identified by G.L.C.-Mass Spectroscopy. 
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Thea PaM.Rie spectrum of Ener product) indicated aimixture 
Der Ooe 820) and 356 (32). (the dihydro alcohol (32) showed 
a methyl doublet at 6 0.9 and a hydroxy methylene doublet 
ab 0 Sed. #the desired allylic’ alcohol (28) Showed a 
Deir af vinylic methyl Groupsat.om1.7 and a hydroxy 
methylene singlet at 6 4.0. 

The solvent used for the NaBH, reduction was changed 
from 2-propanol to diglyme. The results were the same, 
with the dihydro alcohol and allylic alcohol being 
produced in similar proportions. Lowering the temperature 
of the reaction to 0°C also had no effect except to slow 
down the reaction. 

At this point we were mindful of the fact that Al1H, 
has been used as the reagent of choice to reduce af 
unsaturated carbonyl systems to allylic alcohols.’ 
Although such a reagent could not be used in this case 
because it would also reduce the acetate function, we 
took note that it has a considerably more covalent nature 
than LiA1H,, which it generally replaces in these cases. 
Thus we were encouraged to look for a more covalent 
borohydride reagent.<° fZancsborohydrademsasuchrayreagent 
and it is easily prepared from ancl. and NaBH, - 

Initial experiments using Zn (BH,) 5 in twofold excess 


led to incomplete reduction over a 12 hour reaction time 


aceORCiinzether. Simply doubling the quantity of reduc- 


ing agent led to complete reduction under similar conditions. 


28. 
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The yield of the desired allylic alcohol (28) was 90%. 


SS CHPAc 
4Eqs. Zn(BHa)2 


Et.O, O°C, 12 hr 


(27) (28) 


igeralconol. (26) “could be ‘purified by a number “or 
techniques. Initially it was chromatographed on dry 
column silica gel (Woelm Grade No. 2). However as it is 
colourless and lacks appreciable U.V. absorption at 
254 nm it was difficult to locate on the developed column. 
As it is an allylic alcohol and similar in many respects 
to geraniol, the use of anhydrous calcium chloride was 
investigated. The results of this experiment were vari- 
able. On some occasions when calcium chloride was added 
to a hexane solution of the allylic alcohol (28), an 
immediate reaction occurred, and a conglomerate precipitated. 
This conglomerate could be formed into a ball which was 
easily removed as one piece and then hydrolysed in diluted 
NaHCO, solution. This method produced very pure allylic 


3 
alcohol. (28). 
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However on occasion the calcium chloride failed to 
react with the alcohol. Whether this was due to variation 
in the quality of the calcium chloride is difficult to 
say, it may instead have been due to trace amounts of 
moisture or other impurities in the alcohol. By switch- 
ing to magnesium chloride instead of calcium chloride 


uniformly good results were obtained.7? 


The magnesium 
chloride was easily prepared by heating a mixture of 
Magnesium chloride hexahydrate and thionyl chloride. 
Evaporation of the volatile components followed by heat- 
ing to 90°C under high vacuum gave pure anhydrous magnesium 
chloride. 

The alcohol) (28) scould be oxidized to the starting 
alagenyde (27) using activated MnO, in methylene chloride. 
The reaction is slow but proceeds to completion in 48 
hours. This confirms that the reduction proceeded with- 
out isomerization about the 6-7 double bond. 

The allylic alcohol was converted into the allylic 
bromide (33) by treatment with phosphorous tribromide 


in ether “ac O0°C for. i2 hours! 


== By Sl QYCH2O0Ac 


(28) (33) 
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The yield is 46%. This reaction proceeds slowly 
and the yield is markedly reduced by shortening the 
reaction time. It was found that the yield could be 
improved and the reaction time shortened by adding lithium 
bromide to the reaction. This speeded up the reaction 
by increasing the concentration of bromide ion. 

the conversion of the bromoacetate (33) into the 
bromoalcohol (34) was not straight-forward. Methyl 
Magnesium iodide was first investigated, since this should 
produce the iodomagnesium salt of the alcohol. Reaction 
of 2.2 equivalents of methylmagnesium iodide with l 
equivalent of \bromoacetate (33) led to a mixture of: two 
products. Analysis by T.L.C. indicated a new compound 
more polar than the starting material and therefore 
corresponding to an alcohol. The component matched the 


rei. lol geraniiiol 121 )'. 


SS! CH,0Ac SS CH, OH 
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The more polar component of the mixture was isolated 
by prep dry column chromatography on silica gel. It was 
readily identified by P.M.R. spectroscopy as10-homo geraniol 
(lo) ewtiew mMetny) GYOup appears as a triplet at 6 0.95 
and the C-10 methylene as a quartet at 61.90. The I.R. 
spectrum lacks a carbonyl function but contains a hydroxy 
group. 

This compound (35) was best prepared by adding 3.5 
equivalents of methyl magnesium iodide to 1 equivalent 
Girethe bromoacerate Ata) in which case it. becamé the only 
product. The same result was achieved using methyl- 
magnesium bromide. The coupling of allylic halides with 
Grignard reagents is well aeeaneteea. 

The cleavage of acetate groups is well documented in 
the chemical literature and there are abundant methods 
for performing this task. 

These methods consist of two types: those involving 
hydrolysis (or alcoholysis) in basic media, and those 
involving reduction, usually: by"metal hydrides. Of the 
former, the use of 10% aqueous Na,Co, and 10% aqueous 
NaHCO, was found to leave the acetate group intact. 
Methanol with a catalytic amount of sodium methoxide was 
also without effect. In this case however it is reasonable 


to assume that the catalyst was consumed by reaction with 


the allylic bromide. 
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The use of metal hydride reducing agents was then 
considered. The reaction of lithium aluminium hydride 
with the bromoacetate (33) in ether gave rise to a 
mixture of products. This same result was obtained 
despite variation in temperature and modifications such 
as inverse addition. Di-isobutylaluminum hydride was 
then considered and found to react with the bromoacetate 
(33) in Skelly B. to give, as the only product the desired 


bromoalcohol (34). 


H (isoBu), AIH H 
Skelly B, R.T. 3 
H2Br HBr 
(33) (34) 


The P.M.R. spectrum of (34) shows the hydroxymethylene 
at 6 4.0 as a doublet. It exhibits an upfield shift of 
0.) PPM icompared, £0, 5(33)) which is,)characteristie, of the 
conversion of a primary acetate group to alcohol. 

The scene was now set for the attempt at forming the 
five-membered ring using the mixed Grignard reagent/ 
Grignard salt method. It was anticipated that treatment 


of (34) with 1 equivalent of methylmagnesium bromide would 
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quantitatively produce the Grignard salt. Reaction of 
the Grignard reagent with the allylic bromide would be 
avoided by the increased reactivity of the allylic alcohol 
towards such a reagent. 

Therefore a solution of (34) in tetrahydrofuran was 
treated with 1 equivalent of methylmagnesium bromide 
at’ 0°C under No. After 10 minutes finely divided magnesium 
powder was added to the reaction flask and the mixture 
stirred at room temperature for 12 hours. Upon work-up, 
the product of the reaction was found to be a mixture of 
many compounds. The exact number of these was undeter- 
minable by T.L.C. on silica gel. However the mixture had 
ahst£ongnodor seftchtrakeand\ionerofithe, spots on ,T.L.C. 
POrLespcnded Ini ko.) value to. that of citral...) This spot 
also quenched fluorescent indicator at 254 nm and had a 
slight yellow appearance. It was isolated by prep 
dry column chromatrography on silica gel (Woelm Grade No. 
2) and_a@dentitied as citral!’ by its infrared’spectrum. 
Because citral itself is a mixture of geranial and neral 
it was of interest to determine by P-M.R. spectroscopy 
whether the synthetic product was also a mixture. Commercial 
citral shows two aldehyde protons at 6 9.85 and 6 9.93. 
These correspond to neral and geranial respectively. The 
synthetic sample showed only one aldehyde proton at 6 9.91 
thus indicating that it has geranial stereochemistry. >- 


The presencé of:multiplets at 6.5.0 and 6 4.65 indicate 


ae 


to mortossH pike Gace r > if 

ed binew abhntotd offytts a 
fodeols wsilylis alt to ¥ tiv iene tts 
| iaepaes * goua 


4 
a eae 


enw mexetorbytexdes mt (bt) to nOtsetos 6. osoteasit®” 


al 


net 
Bimcrd muteenpaemlyason to 2118 Laviwps Ls die ‘Be Fe 


gacunriom Of 1o27A ~i xen | 3G | 
fa a a 


bi i Hap lP ‘x HMIORSI ets os bebe anor 

(-trow noqu i wexuod Sf aor) omit tegmed MOO a 
to gtudxinm.s sd oF Bavot 25W noises ort to. aay lea 
isthe 25W sesitt to xodmun joaxe ont tele 


asrugxKin oft teavowroH aa soilie bed eer . we 


O.0.8 to 8 toge Speer 0, bits [nesta satbindl 


toq2 Brit . Dsaacovae sisi ead autey ae ak 
a 


6 bed bas mh bes) gees 5O Bi ened toute 


AG 


? Ay 


(feaxd Vide OB 8 tas iF new 32" sen 


aay 
do Fats: 
‘ Tee, 


.O4 sbapxe) pe 20W) - shape, — 


+ 
4 
~y 


.oiztbegs béapeame evi yd 


ABET: 


awe, he Me in 
[axon Bis lstuszep 30 oT cha ie ! 
Aah | 


: TN git te See ee 
1@VSOUT IS ie | A ee ws SAL Ds b ot teens: 
ike ai HO Se a ae ae 


ea 


‘oe li tel ag | 
fersxamiic) «.stodsim s col ae spats uber 
ron a ry 


i 


22.8 OB bas Aste Wats ame 

ont -ylevisinaqeox Ad 

| FOse 0.596 cotoxd Pere 000 
; + $f vegoimadooerieee teas 


SgBorOni 2a. 


30. 


that 10 isa mixture of the double. -bond isomers (36) and 


(37). 


This result is tentatively explained as oxidation of 


the Grignard salt by the Grignard reagent, e.g., 


HO 


erin: 


The product is therefore the aldehyde of the Grignard 
salt and the hydrocarbon of the Grignard reagent. A 
similar mechanism has been proposed for the Cannizzaro and 


Eschweiler-Clark reactions, e.g., 
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The isomerization of the allylic Grignard reagent is 


a well known phenomenon and the equilibrium between the 


two forms has been shown to be very fasee- 
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The failure of the desired cyclization to take place 
was a great disappointment. The reason for this failure 
was, however, far from clear. That the Grignard reagent 
had indeed formed there can be little doubt. The isomer- 
ization of the isopropylidene double bond was clear 
evidence of this. This Grignard reagent would never have 
formed if the allylic alcohol had not already been con- 
verted to the Grignard salt. Thus it can be assumed that 
the desired starting material for the reaction had been 
produced. 

There are two possible reasons for the reaction to 
fail injthis( particular startingrmdlecule:withe configura- 
tion of the reactant could be such that the two reactive 
sites could not come together. Alternatively the electro- 
phillicity of the Grignard salt could have been insufficient. 


The latter seemed reasonable, as it has been reported that 
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nucleophilic addition to debate bonds is strongly 
dependent on substitution - the more substituted double 
bonds reacting slowest .>7 In the case in hand the double 
bond is trisubstituted and some difficulty can be expected. 
The electrophilicity of the double bond could be 
easily tested by reaction with the most active of Grignard 
reagent towards nucleophillic addition - allylmagnesium 
bromide. >> 
A solution of allyl magnesium bromide in di-n-butyl 


36 The solution was 


ether was prepared according to Turk. 
very cloudy due to suspended MgBr.. This was remedied by 
Prererae ror "under “a "dry. N, atmosphere. It was analysed by 
acidimetric titration and found to be 0.24 M. Although 
di-n-butyl ether is not the reagent of choice for preparing 
allylic Grignard reagents, as it promotes coupling more 
than any other Sthew or in “thes: ‘case coupling «is. not 4s0 
much a problem as it is with other substituted allylic 
halides. It also has a high boiling point and it was felt 
Le “night “be important to “itivestigate the effects ‘of Neat 
on the addition reaction. 

Accordingly, 1 equivalent of geraniol was reacted 
with 2.3 equivalents of allyl magneSium bromide in di-n- 
butyl ether under nitrogen. At room temperature over a 
long period of time, no addition to the double bond took 


place. This was monitored by withdrawing aliquots of the 


reaction mixture and analysing them by G.L.C. on F.F.A.P. 
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Refluxing of the reaction solution resulted in the produc- 
tion of a single new compound in about 25% yield. It was 
isolated and purified by prep dry column chromatography 

on silica gel (Woelm Grade No. 2) followed by molecular 
distillation at 10 microns. The I.R. spectrum showed only 
hydrocarbon absorptions. The presence of a double bond(s) 
was indicated by bands at 1645 and 3070 cms 2, 

This was confirmed by the P.M.R. spectrum which showed 
only olefinic, vinyl and allylic absorptions. The mass 
spectrum had a parent peak at m/e 274 which was Coots, 

(as determined by exact mass measurement). Thus the 
compound is a coupling product of geraniol formed by the 
forcing condition of the reaction. It was not investigated 
any further. 

The failure of allylmagnesium bromide to add to the 2,3 
double bond of the Grignard salt of geraniol raises serious 
doubts concerning the feasability of the proposed synthetic 
scheme. The electrophilicity of this double bond is of 
crucial importance. It was decided to test the reactivity 
of this double bond in another series of reactions. 

The addition of alkyl lithium reagents to lithium 
salts of allyl alcohols is a well known reaction.°>'?/ 
It even proceeds in certain cases where Grignard reagents 
fail - i.e., the addition of alkyl groups rather than allyl 


groups to double bond. The addition proceeds with difficulty, 


however, in the case of y substituted double bonds, which 


ee a ee oh iL 


rLA 


in ALP 
A" a bn Rae ‘K, ae Ae ait t * bemoan vee 
A Of GF Si Aa va pot) ya Oa “yh: $172 Lam ea 
(at pwn tent ve ae "a a ae fas fag angi Loe end: 


t 


a Fe ih + 3 it he 3 . " ¥ ai ail 9 2A 


Py eek a patent nee ne, 
pepe od Set NS SA is sh bye i — 


» ap 8 
i 

Bs av ; 
be 


sweet | ca ane Es: Oz 


f 


- 


ore obo te ootod  6G haere 1G pat ; ms 


i } } ; te 
5 g i 
f ; 
a | ; its 
L H Peed 
‘, 
’ = a * » 
. ; p! Sirona . i te is 
i = ' ay 
’ i 
ab ol ir axe @ 4 ’ ry 
J ls ES NT GR et a ht 
a i)? ie db 
him | i 4 —=-~ 
; si J fA“ 
‘ ‘ } Oo ‘ f a“ i a. 
> | 
we * - i Ss é | 
ar F r 4 
1 =) re, 4 ‘tet 
‘i é hf Lent > ‘ Co j be ant se i 
f fe 
‘ : 
> i Pee | > y — : 
| : } pd Te | Pod | ye 
> ; y/ & 
v 
} 
} 
} Cn : * 
o ne od by ia r r yg 
. pepe ; RS) ALTER P  ES 
¥ b 
| = ot ¥ i e 
i ‘ A : f 
\ b al Pat) ae \ ae cor 
la be ‘ Na <PES is Pe) ue, bi, Te a oe aa ; 
a a f A : 
Yi = ‘ his : a sve a 
Ro6 2G Pear x t aM ds oe ae ri 
: ‘ hb i : ¥ B ’ 
é if yen : iJ 7 
* ly | = - 
7 = y id a el i es) Vos. #() : . of 4y ? ins) FA 
7 Meu b Paw t Ie) BEER ee Cunetan As St 
i 5 1 7 . sp | y ; ed 4 


? ithh at 


ee 
ta i “bat 


: .- R ‘ a 7 * 
MOLEBLITED tit iv mi “a One ee 
a iM ‘ a if } af : 
\ pee ee Sick Milan snes fax apts 


2 ; a 


rae wi 


cays 


is of course the case with 2,3 double bonds of geraniol. 
It was felt however that little could be lost in testing 
the possibility because in doing so a second synthetic 
possibility could also be investigated. 

It was shown by Morton that olefinic hydrogens could 
be metalated under certain conditions. 7° In a revision 
of his work Broaddus developed the following order for 
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This is aptly demonstrated by the ease of metalation 


40 4l 


of limonene and 3-methyl-3-buten-1-ol. 
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The isopropylidene terminus of geraniol contains 
two vinyl methyl groups corresponding to category one. 
If these were sufficiently acidic they might generate 
the alkyl lithium reagent necessary for an intramolecular 


addition to the allylic alcohol, e.g. 


Thus there are two synthetic possibilities for the 


reaction of "BuLi/TMEDA with geraniol 
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The opportunity for killing two birds with one stone 
having thus presented itself, it was with great anticipa- 
tion that the reaction was investigated. 

-As the addition of alkyl lithiums to allylic alcohols 
does not require the presence of tetramethylethylene 
diamine (TMEDA) the reaction was first attempted omitting 
this. This should distinguish between the two possible 
reaction modes. 

Between geraniol and 3 equivalents of "BuLi in hexane 
at room temperature over long periods of time there was 
no discernable reaction other than formation of the lithium 
alkoxide. The implication of this was clear - there was 
no addition across the allylic alcohol double bond of 
geraniol. 

Repeating the experiment with 1 equivalent of geraniol, 


1 equivalent of TMEDA and 3 equivalents of "BuLi, gave at 
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room temperature after 24 hours, a single new product 
which was 25% of the product mixture, the rest being 
‘unreacted geraniol. This was isolated by prep T.L.C. on 
Silica gel. From its behaviour on T.L.C. and the presence 
of only C-H bands in the I.R. this compound was obviously 
a hydrocarbon. The P.M.R. was complex and offered little 
information. The mass spectrum indicated a mixture of 


isomers of the general formula C This implies the 


24"42° 
addition of one butyl group and the dimerization of two 
geraniol units. The compound was not investigated further 
as the reaction appeared to have no synthetic value. 

The obvious unreactivity of the 2,3 double bond of 
geraniol or its derivative toward nucleophilic addition, 
forced a reappraisal of the synthetic approach. Any 
method based on such a reaction seemed doomed to failure. 
We were therefore obliged to consider the alternative 
methods of joining carbons 2 and 7 of geraniol. Ina 
general way there were two approaches still to be tried. 
These were photochemical and electrophilic addition. 
Because of the vast amount of literature data and certain 
close analogies we decided to try the photochemical 
method first. 

In 1963 Cookson reported that citral when irradiated 
with medium pressure mercury ultra violet light gave rise 
to two compounds photocitral (A) (38) and photocitral (B) 


(39) .43 
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(38) Bao) 


The structure of photocitral (A) is particularly 
interesting as it has an iridoid structure. Unfortunately 
Buchi later showed that the stereochemistry was incorrect, 
in that the methyl and formyl groups were cis rather than 

44 


trans. 
A similar type of reaction had been reported earlier 
by Buchi for carvone (40), the product being carvone 


camphor ay cig 


(40) (41) 
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Heathcock photolysed the cyclodecadienone (42) to 


give the ketone (43) in substantial amounts. 7° 


(42) (43) 


The ease and generality of these examples encouraged 
our belief that a similar reaction would occur in the case 


Of the al dehyder(27)7 1e=gc", 


| CH,OAc 
ScHpke ek sai in 
hv CH,OAc 
H ——_» 
CHO an CES 
| CHO 


(27) 


Accordingly the aldehyde (27) was dissolved in hexane 
and irradiated with a medium pressure mercury ultra violet 


lamp. A pyrex filter was used to remove radiation below 
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320 nm. After one week there was no detectable new 
compound in the solution. 

A report by Hart indicated that intramolecular photo- 
cyclizations of this type could be speeded up by supporting 
the starting molecule on silica gel suspended in cyclo- 
hexane or by performing the reaction in  eeeno. 

The first of these modifications was attempted with 
no success. After irradiation for one week in cyclohexane/ 
Silica gel with a medium pressure U.V. mercury lamp, the 
ealidenvde. (27). was..recovered, unchanged, Analysis by. .G.L.C. 
of the reaction medium also indicated no change had 
occurred. 

The solvent was changed to trifluoroethanol and the 
previous reaction conditions were repeated. On this 
occasion although no new products could be detected by 
G.U.C.).a definite change,occurred in that. the ,geranyl 
acetate (which was present as an impurity in the aldehyde) 
gradually disappeared over the course of a week. The 
aldehyde itself remained unchanged. 

This observation, which was somewhat unexpected, was 
corroborated by repeating the reaction with pure geranyl 
acetate. As the aldehyde was obviously acting as a photo- 
sensitizer for the geranyl acetate, which has no absorption 
above 320 nm, it was replaced with benzophenone. After 
irradiation. fon. one. week,..in.trifluornoethanol , under, the 


previous conditions, the geranyl acetate had decreased by 
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50%. The new product(s) was unstable to G.L.C. analysis, 
as its presence could only be detected by a broad band of 
variable shape, indicative of decomposition. It was 
readily detected by T.L.C. analysis, as a double spot, 
considerably more polar than geranyl acetate. It was 
isolated by prep T.L.C. on silica gel and recovered as a 
light yellow oil. 

The infrared spectrum of this compound was very 
Similar to that of geranyl acetate. It showed very clearly 
an acetate carbonyl at 1740 ems’ *, identical with that 
of geranyl acetate. 

The P.M.R. spectrum, however, showed little similarity 
to that of geranyl acetate. It contained a considerable 
aliphatic proton region centered at 6 1.18 equivalent to 
two methyl groups. A vinylic methyl appeared at 6 1.7 
and the acetate methyl at 6 2.0. The acetate methylene 
appeared at 6 4.50 obviously coupled to an olefinic 
VLOLOT at. 0) Dyaee™ Tite” Carmona to Shor cgerany acct aue 
are Sti antact,  ineluaimngtneracetare’ function.“ ihe 
C7-8 double bond is no longer present and the C-9 and -10 
methyl groups are aliphatic in nature. 

Since the only possibility was the addition of some 
molecule to the C7-8 double bond, the probable structure 
now involved a molecule of trifluoroethanol. This was 
confirmed by the rt? oR. spectrum. It showed two trifluoro- 


Mechyis oroure ae 6 Jac and 6 7.72. Beth of these were 
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triplets and showed a splitting of 8 Hz. The absorption 
at 6 7.72 was roughly 10% of the 6 7.48 absorption. On 
the basis of this, two structures were postulated for the 


addition compounds. These were (42) and (43). 


Qyy-CH, OAc 


H 
H H 
OCH,CF; 
(42) (43) 


It also seemed reasonable that the reaction product 
was a mixture of these two in the ratio (42)/(43) = 10/1. 
Structure (42) was chosen as the main product, as the 
aliphatic methyl groups were clearly singlets in the P.M.R. 
spectrum. */@ This also accounts for the double spot that 
was observed on T.L.C. and the poor stability of these 
compounds to G.L.C. analysis. 


Further proof was given by the mass spectrum of these 


two compounds. This is outlined in the following scheme: 
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QACH, OAc Q_ZCH, OAc 
H = Hy H 
H —__—_—_—> H 
H H 
OCHCF, OCH.CF, 


MW 296 MW 294 
not found 
: =—42(H2C=C: 


ZA 
nee oN! 
H 
OCHCF3 OCH,CF3 
MW 252.1328 MW 234.1232 
found MW 252.1337 found 234.1237 
“ln | 
CH,OH 
i SS 2 etal) eels 
O 
H “SCHLCF; 
CH, 
Ate MW 141.0526 
MW 111.0807 foundset4..0525 


found 111.0805 


* 


ESL vSES banod ae be) Phi rf ph: if sale 
ee a 
- aoe 
cH “Ts cHd 
O 


Pl 
ADHD 
eSaor Let DamoRe ui we viel 


<5 iw 


Py ne " is : 


As a result of this the photochemical approach to 
the iridoids was not investigated further. 

Following the failure of the photochemical experiments 
to lead to any cyclized product, we decided to use the 
only route, that was as yet untested. This involved 
electrophilic attack of the carbonium ion on the 2,3 double 
bond of geraniol. 

The obvious site for the carbonium ion was at C-7. 
However, we were well supplied with compounds derivatized 
at C-10, and it seemed reasonable that a C-10 carbonium 
ion would be equivalent to one at C-7. In fact a carbonium 
ion generated at C-10 should exist mainly as a C-7 ion, 


due to the fact that the latter is disubstituted. 
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The carbonium ion at C-10 could be generated ina 
number of different ways. The simplest method involved 
protonation of the C-10 alcohol. 

Alternatively a C-10 bromine group could be removed 
using stannic chloride. Failing this the C-10 mesylate 
or tosylate could be pressed into service. 

Our initial experiments involved the hydroxy acetate 
(28). Tresenent OLA\2Z 8) watnvavcatalyorc amountvor 
p-toluene sulphonic acid in benzene led to the formation 
of a single, new, less polar compound. This was isolated 


and identified as the diacetate (34). 


CH,O0Ac CH.OAc 
p-TSA SS 
ee is 
benzene H 
H2OAc 
(28) (34) 


The P.M.R. spectrumof (34) shows two acetate methyls at op ras 
and §6 1.98. The C-10 methylene occurs at 6 4.35, exhibiting 
the characteristic downfield shift observed at the 2 carbon 
for*rhe-conversron Of a primary arcohol “to an dcetate. 
The mass spectrum was determined using chemical ionization 


with ammonia. The base peak corresponded to the parent peak 
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at m/e 272 (M+18). A it denier peak occured at m/e 526 
(2M+18). 

In retrospect this result was not unusual. The 
p-toluenesulphonic acid catalyses not only the formation 
of the carbonium ion at C-10 but also the alcoholysis of 
the ester at C-l. That the latter reaction should be the 
dominant one indicates both the already well observed 
lability of the allylic acetate but also the sluggishness 
of the carbonium ion at C-10 towards rearrangement. That 
no other products were observed was not unusual - any 
dienes must certainly have polymerized under the reaction 
conditions. A yield of less than 50% was observed, in 
keeping with the mechanism. 

Clearly, a new approach to the generation of C-10 
carbonium ion was required. It had to be formed under 
conditions which did not concomitantly affect the allylic 
acetate. Stannic chloride was decided upon as a reagent 
for this task. This should complex selectively with the 
bromine at C-10, and generate the carbonium ion. 

Treatment of 10-bromogeranyl acetate (33) with 
stannic chloride?® in Skellysolve B at -78°C led to no 
detectable product. At 0°C the reaction was too vigorous 


and produced a plethora of products. The P.M.R. also 


indicated a continuum. It was decided that stannic chloride 


is too powerful a reagent in this case as the products 


of the reaction were unstable in its presence. 
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The simplest and mildest method of generating carbonium 
ions is by solvolysis of tosylates or mesylates. This 
method had not been tried earlier as allylic tosylates and 
mesylates are difficult to form and manipulate. Failing 
the previous two procedures we resolved to test this 
approach. 

The C-10 tosylate of geranyl acetate was prepared by 
treating (28) with 1 equivalent of butyl lithium in ether, 
followed by one equivalent of p-toluenesulphonyl Chloride. *” 
The reaction mixture was stirred overnight and upon work-up 
contained two new compounds. These were separated by prep 
dry column chromatography on silica gel (Woelm Grade No. 2) 
anawedenticiledlasel 0-chiloro gerany acetate .(45) ,and 


LO-acetoxy gerany) acetate (44). 


CH.O0Ac 
1. n-BuLi H Et.O 
(28) 2. p-TsCl | air 
Et2O 
cl OAc 
OTs — (45) (44) 


The P.M.R. spectrum of (45) showed a singlet at 6 4.92 
corresponding to the C-10 methylene. Its mass spectrum, 


as determined by chemical ionization with ammonia, showed 
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a base peak at m/e 248 (M +18). The characteristic 
splitting pattern observed in chlorine compounds was found 
for the m/e 248/250 peaks and the m/e 206/208 peaks. The 
latter peaks correspond to the loss of ketene - a reaction 
characteristic of allylic acetates. 

The formation of 10-chloro geranyl acetate (45) was 
undesirable and we immediately sought ways to avoid this 
obstacle. In essence, the solution lay in providing the 
tosyl group with a non nucleophilic leaving group. Such 
a derivative had been made for the mesyl group by King.” 
He treated N,N-diethyl methyl sulphonamide with methyl 
fluorosulphonate to obtain N,N,N-methyl diethyl methyl 


sulphonate. The latter proved to be a very effective 


mesylating reagent. 


Ox? 
prs _ 
Et th SOGHE Te 8 
Oo ee | CH SO7-N—Et 


Et Et 


“magic mesyl ” 


Accordingly (10)-hydroxy geranyl acetate (28) was 
treated with 1 equivalent of "magic mesyl" in dry acetonit- 


rile at -45°C, in the presence of 1 equivalent of pyridine. 
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The reaction mixture was stirred for 1 hour and then 
gradually warmed up to room temperature. After stirring 
for a further hour, the reaction mixture was diluted with 


saturated NaHCO, and extracted with ether. The product 


3 
was a mixture of three compounds. These were separated 

by prep dry column chromatography into two fractions. 

One of these fractions was quickly identified by mass 
spectroscopy and P.M.R. as 10-acetoxy geranyl acetate (44). 
The other fraction was a mixture of two compounds. These 
could not be separated by either G.L.C. or T.L.C. 


Fortunately they were recognized as isomers and shown to 


be J0-hydroxy gerany! acetate) (28) and theilallylic) isomer 


(46). 
magic 
mesy| satd. NaHCO3 
(28) CHICN | ae + lee: 
Pyr. 
OMes OH OAc 
(28) (44) (46) 


Again in this reaction, the yields were low, as the 
formation of (44) results in the production of polymeric 


material. 
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The ratio of (46) to (28) was 6/4. This was in keep- 
ing with the predicted stability of the carbonium ions (47) 


and (48). 


CH,0Ac CH,OAc 


The formation of the two allylic alcohols (28) and 
(46), along with the continual occurrence of the diacetate 
in the reaction products observed, was ample proof that a 
carbonium ion had been formed at C-10. What was obvious, 
however, was that this carbonium ion would not cyclize by 
addition to the 2,3 double bond. It had been anticipated 
earlier, that this addition would be facilitated by 
anchimeric assistance by the acetate function.>+ This is 


a well documented phenomenon? in steroids and carbohydrates, 
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It has been shown that p-anisate esters are by far 
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the most efficient ester group for this process. 
is because of unique resonance forms involved in the 


intermediate carbonium ion (49). 


Thus before abandoning this approach we resolved to 


test the C-10 carbonium ion derivative of geranyl p-anisate. 
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Geranyl p-anisate was prepared in 97% yield by 
reaction of geraniol and p-anisoyl chloride in benzene 


using triethylamine as the base. 


O 
CH2OH 
SX CHNO 
H p-anisy! chloride 4 
benzene 
/ TEA OCH, 
97s) C50) 
>> CH OAnis _ CHN oAnis 
SeO, H Zn(BHs)2 H 
ae 
EtOH Et.O 
H OH 
e) 
30%, (51) (52) 


Selenium dioxide, oxidation in ethanol of (50), under 
conditions*similary toy thoses for} geranyl acetate’ (22A) 
gave ‘thewaldehyde: (51) in 30% yield after extensive chroma- 
tography. The reaction product was not as clean or as 


Simple as in the case of geranyl acetate. However the 
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aldehyde is easily idenbisiea and isolated by prep dry 
column chromatography on silica gel because of its strong 
U.V. absorption at 254 nm. It was characterized by P.M.R. 
and I.R. spectroscopy. The P.M.R. spectrum indicates 
evorvolefinicaprotonsvat 685. 5handmov6.05*haThe (position 
of the latter confirms the geometry of the C-8,9 double 
bond. The strong downfield shift of C-8 proton from its 
regular position ae Ob520brtorés6.85 ismindicative ‘ofmthe 
postulated configuration. An aldehyde proton appears at 
6 9.3. The I.R. spectrum shows two carbonyl bands at 
1690 cm ~ and 1710 cm!. ‘The former is due to the of 
unsaturated aldehyde. 

Reduccionpek® (Sl)iowith zine borohydride ,in diethyl} 
eener gavetthe ‘eailybic glcohoi’ (52)).injigood yreld=r This 
compound's P.M.R. spectrum shows a hydroxymethylene at 
6 3.8. This is in excellent agreement with a similar 
value for the 10-hydroxy geranyl acetate (28). 

The mass spectrum of (52) was measured using chemical 
ionization with ammonia. The spectrum showed a base peak 
at m/e 3223 corresponding to (M+ 18). Thisystructure was 
also supported by I.R. spectroscopy. The latter confirmed 
the presence of a hydroxy group by a broad band at 3450 
cmt. Also the carbonyl absorption ate Low em? present 
in, (Si) was absent. 

Treatment of a methylene chloride solution of (52) 


at -78°C with a solution of "magic mesyl" in acetonitrile 
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under Nj gave the mesylate (53). This compound could be 
examined by evaporation of the solvents followed by 
neutral work-up. It was quite unstable and certainly 
impure. However its essential nature could be observed 
by P.M.R. spectroscopy. By this method the sulphonyl 
methyl group was observed at 6 2.9. It appeared to be a 
very narrow doublet. As this group could not be coupled 
to any other proton, the presence of two isomeric forms 
of the mesylate was indicated. This was confirmed by the 
Singlet at 6 4.48 due to C-10 methylene. This integrated 
to only half the value of the C-1l methylene. Although it 
could not be definitely proven, it could be reasonably 
assumed that this is due to allylic isomerization of the 
mesyl function between C-10 and C-7, giving the structures 


(53) and (54). 


OMes 
(53) (54) 


In practise, however, the mesylate was not usually 


isolated but instead the methylene chloride solution in 


56. 


which it was prepared was dvneed with a large excess of 
the solvent in which the solvolysis was to be studied. 

The solvent that was chosen for this was hexamethylphos- 
phoramide. This is a strongly dipolar aprotic solvent 

and an.excellent medium for ionizing reactions. Treatment 
of the mesylate with this solvent for 12 hours at room 
temperature gave) upon work—-up;; the alcohol (52) %"'sNo 
cyclized products could be detected. This result was 
always obtained despite much variation in reaction condi- 
tions with regard to time and temperature. 

To confirm that a carbonium ion was indeed being 
formed at C-10 it was decided to add a non-nucleophilic 
Lewis base to the hexamethylphosphoramide solution during 
the solvolysis. The base chosen was perdeuteromethanol. 
Thus any carbonium ion formed should be immediately 


trapped as its perdeuteromethyl ether. 
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The products of this axseuinen were the perdeutero- 
methyl ethers %(55)“and*(56)'o) Thistwas «confirmed ‘by ‘chemical 
ionization mass spectroscopy. The mass spectrum contained 
a parent peak as base peak at m/e 339 (M+ 18). Since 
the ionizing gas was ammonia this corresponds to a molecular 
weight of 321. Exact mass measurement also confirmed this 
structure. The P.M.R. spectrum showed the C-10 methylene 
as a singlet avis. 3.0. TRisivalue (is correct for an‘allylic 
methoxymethylene group. The spectrum also confirmed the 
presence of allylic isomers. The terminal vinylidene 
protons appeared as a multiplet at 6 4.9. The ratio of 


(55):2t0 (56)-was 9:7. 


CH2OAnis YS CH2OAnis 
4 H 
| OC D3 
OcD, we 
>) (56) 


This result confirms the presence of carbonium ion 
character at C-7 and C-10 during the solvolysis. That no 
cyclization was observed can only be due to the unfavour- 


able nature of such a reaction. 
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As an aside it must be mentioned that attempts to 
purify the mesylate (prepared in methylene chloride/ 
acetonitrile solvent) by aqueous work-up with saturated 
ammonium chloride gave the chloride (57). Substitution 
of ammonium perchlorate solution in the work-up procedure 
solved this problem and the presence of the mesylate 


could be detected. 


Guo eais CH2OAnis 


OMes 


ane formation ofthe chloride 52) / is; excellent’ proof 
otfthe structure of) the mesylate 453). Such a reaction 
for mesylates is well known. 7” The structure of the 
chloride was amply supported by mass spectral evidence. 
The mass spectrum as determined by chemical ionization with 
ammonia showed a base peak at m/e 340. A peak at m/e 342 
which was 30% of the 340 peak confirmed the presence of 
chlorine. The P.M.R. spectrum showed the presence of the 


allylic chloromethylene as a singlet at 6 4.0. 


60. 


OE RAT od «a aes ire: 


‘ a ie «fy 
» #79) ily % awl sabe « oh els 
Re 
m2 6) eh Ce. SRS Rees 
2 ~ 
~ 
? 
ja Cash i 
¥ 


(gar 


ee Pee i 2 ia ie He tite 

no Sate. & Wome ube ven Be: ot ns tia re 

prt TO ’ Aart Asie see Ebene mh ahya' 
| "3 ni 

ira, Latebege  aaam Ne a sO ‘no 

rue Hed te atte ate tia hn a ache ebas ‘ds, aaimigte a 


: ny, ae a \e7e 
Khe) asun the Meme h.: nwa ae He that ore eh hes 


rs 
a) 
all 
“ 
> 
é3 
-< 
ay 
oF os 


Fue 
~ 


reg 


ee a 
bee SaoyRatg. Bila: ime sa Sipaltsph aie nee ‘we ty not toy “ies 


eli iC. wodadese 49 Sewole a Me — | 
- at 
ietnedd a Paya snout 


= 


Ls Le a 
Ne 


; ; ” : 
| tae ee, cs i 
ek a eee — ~ Th 2 


vi 


bd 


nal 
ef 


- 


i 


al 


a 


" 


ih 


_ 
- 


a 
7 
( 


In closing this nanan one can say that the formation 
of cyclopentane systems by such a carbonium ion route as 
we proposed is not feasible. 

Before abandoning this project we decided to investi- 
gate alternate uses for the C-10 functionalized geraniol 
derivatives synthesized. In particular, we wished to know 
if 10-bromogeranyl acetate (33), could be used as a 
substrate in homologation reactions. The reaction we 
chose to investigate was the coupling of allylic Grignard 


reagents, e.g., 


CH OAc 
gBr 


(58) (59) 
There are two possible products from such a reaction. 


Of these compounds (59) is the most, likely, as this 


reaction is essentially a ligand exchange process. 
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MgBr ‘ Mig XR 
of) wit | es 
We (60) (61) aN 
H “ha H 
SQ B = 
(63) (62) 


Of the two equilibrium forms of dimethylallyl magnesium 


33 and therefore 


bromide “tie“torm’ (61 )“eonstitutes* only 1% 
the cross coupled product should be the major one. However 
in many similar examples of this type of reaction, the 
Scraigin> coupled product (58) a6 ortem produced? inv yields 
of up to 403.9 The reason for this is not clear. The 
possibility of getting the straight coupled product was 
excellent inducement for trying the reaction. Even if the 
only product was cross coupled - it constituted a useful 
test for ‘this type of.reaction. 

Accordingly dimethylallyl magnesium bromide was 
prepared. This was a difficult task as the main product 
of the reaction of dimethylallyl bromide and magnesium 


was not the Grignard reagent but the coupling product | 


s,s percriemthyi—-1,S-heptadiene. 
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Useful yields of the Grignard reagent could only be 
achieved by preventing the allylic bromide from coming 
into contact with the Grignard reagent. Such a process 
was possible if a very dilute solution of allylic halide 
was slowly percolated through a large excess of magnesium. 
The latter must be activated by amalgamation with mercuric 
bromide so that the reaction with the halide was essentially 
instantaneous. This method achieved yields of the Grignard 
reagent of 40%. (The exact details are described in the 
experimental section). 

Reaction of excess dimethylallyl magnesium bromide 
and 10-bromogeranyl acetate in THF at room temperature 
gave three products. These were separated by prep T.L.C. 
chromatography on silica gel. Only one of these compounds 
could be isolated pure - but it corresponded to farnesol 


(58) ineitsktbehaviourson teh. C. 


CH,OAc 
A~CHoMgBr 
excess 
——$ $< > 
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However, this compound was identified as the cross 
coupled product (59). This was done by P.M.R. spectroscopy - 


the results of which are outlined below. 


ow =f 
_\ 4 wy » 
io S © 
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H : A 
WN A a CH,OH 
$4.8(m), J=16,10 SAMO =7 


H CH, CH §1.65(s) 


ee65 (s) 
50.97(s) 


The I.R. spectrum showed bands at 3600 em > (a) and 
980 cm * confirming the presence of a hydroxy function. 
High resolution mass spectroscopy confirmed the formula 


as C1 54560: 
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Postscript 


In a notable series of papers Baldwin and co-workers”* 


have recently shown that cyclizations such as we were 
proposing to carry out, are extremely unfavoured. Using 

a new technique called "Approach Vector Analysis" he shows 
that formation of five-membered rings by endo addition 

to a double bond is unfavourable. This is due to stereo- 
chemical factors involved in the transition state for such 
a reaction. In retrospect one can say that our results 


are in complete agreement. 
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EXPERIMENTAL 

Melting points were determined on a Fischer-Johns 
hot-stage melting point apparatus and are uncorrected. 

Infrared spectra were recorded on a Perkin-Elmer 
Model 241 dual grating spectrophotometer. 

Proton magnetic resonance spectra were measured 
using a Varian Associates Model HR-100 spectrometer, 
interfaced in the Fourier mode to a Digilab FTS/NMR 3 data 
system. 

Carbon magnetic resonance spectra were measured using 
a Bruker HFX-90 spectrometer or a Bruker WP-60 spectro- 
meter. In either case the Fourier mode was used. 

Mass spectra were recorded on an A.E.I. Model MS-9 
or an A.E.I. Model MS-50 mass spectrometer. Chemical 
ionization spectra were recorded on an A.E.I. Model MS-12 
mass spectrometer using ammonia as an ionizing gas. 

U.V. spectra were determined on a Cary Model 15 U.V. 
and visible spectrometer. 

Gas chromatography was performed on a Hewlett-Packard 
5700/A chromatograph using a flame ionization detector. 

Micro analyses were performed by the Microanalytical 
Laboratory of this department. 

Thin layer chromatography was done generally on micro 
plates. (75 x»25 mm) using Merck Silica Gel G (type 60), 
and using General Electric Type 118-2-7 Electronic Phosphor 


as a fluorescent indicator. Plates were examined with 
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U.V. light at a wavelength of 254 n.m. 
Dry column chromatography was performed on Woelm 
Silica Gel (for Dry Column Chromatography - Activity II 


OL wth), in .* Giameter nyion tubing. 
Purification of Geraniol 


Calcium chloride (anhydrous, finely powdered, 250 
gms ) was added £0(ea? solution of.geraniol; (300,.0ms))in 
1200 mls of hexane. The mixture was stirred vigourously 
using a magnetic stirrer to prevent caking of the calcium 
chloride, and simultaneously cooled to -40°C. After 
about 10 minutes the geraniol-CaCl, complex formed and 
stirring was no longer possible. The mixture was kept 
at -40°C for 1 hour. It was filtered while cold as 
quickly as possible through a large Buchner funnel. The 
precipitate was collected and washed with cold hexane 
(2 x 100 mls). The Buchner funnel was then covered with 
a latex rubber membrane and the vacuum was applied for a 
further 10 minutes. The membrane allowed the last traces 
of the hexane to be removed without exposing the precipi- 
tate to the atmosphere. 

The precipitate was hydrolysed using a mixture of 
water and ether. The ether layer was removed, washed 
with water and dried with saturated NaCl solution and 
MgSO, . Evaporation of the ether, followed by vacuum 


treatment to remove final traces, yielded pure geraniol. 
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Typical purity is 95% or greater. Yield varies with 


geraniol content of starting material. 


Preparation of Geranyl Acetate (22A) 


Sodium acetate (anhydrous, 41 gms, 0.5 moles) was 
added’: to a solution.of geraniol (77 gms, 87 mls, 0.5: moles) 
in benzene (500 mls). The solution was stirred and 
acetic eahgar de (61 gms, 56 mls, 0.6 moles) was slowly 
added. The mixture was refluxed for 4 hours. 

After cooling, the mixture was extracted with saturated 


NaHCO. solution (200 mls) and saturated NaCl (200 mls) 


3 


and dried over MgSO, - Removal of the benzene by concen- 
tration under vacuum followed by Spinning band distillation | 
of the residue yielded pure geranyl acetate (22A) (81 gms, 


Soe) sop 225-24" CsCl 5a torn) ) Pe MeR. (CDC1.): oe leg: 


S— CH. OAc 
H 


H 
1H, rite eS Ti ec Ter igbiae Nees: SA (Et ea. 


CH 
CH bdo One 2 


cH No ), 61.65 (M, 9H, CH,—C=C). 


~ §.2.05¢ 1M, 4H) CH. 2), e195 es), 3H, 


1 aL 


PERS (neat)ce 1740 Gms (C= 0)y,7 1675eem  (C—C) 
Mass Spectrum: 196 (M, absent), 154.1358 (M - 42, Ci oF 19° 
(0-1 7S), 130.0249) (i = 60: Ci 0H16°) CL6S uel de OLA 
° + ° 
(M - 75, CoH, 30) C145), 93.0699 (CoH, ioe) 6920706 


(Cen) (1008). 
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Selenium Dioxide Oxidation of Geranyl Acetate 


A solution of geranyl acetate (100 gms, 0.51 moles) 
in 95% ethanol (500 mls) was heated to reflux. A solution 
of selenium dioxide (56 gms, 0.5 moles) in 95% ethanol 
(500 mls) was slowly added while maintaining reflux. 
Addition was complete after 1/2 hour and the solution was 
refluxed for a further hour. It was then cooled and 
decanted from the precipitated selenium metal. After 
filtration it was concentrated under vacuum until no 
further ethanol could be removed. The residue was 
dissolved in ether (400 mls) and washed with 10% Na,C0, 
solution. At this stage there was considerable effervescence. 

The ether layer was washed again with 10% aqueous 
Na,CO, solution, finally with saturated aqueous NaCl 
solution and dried over MgSO, - Removal of the ether gave 
a yellow oil (116 gms, 90% approximately). 

Gas chromatography on a FFAP column (5' x 1/8") 
programmed from 150+200 @ 4° min. indicated 11% starting 
material (22A),51% aldehyde (27) and 38% alcohol (28). 

A sample of pure aldehyde (27), was obtained by dry-column 
chromatography on Woelm Silica Gel (Activity II) using 
pure methylene chloride as elutant. The aldehyde is 


easily located on the nylon column by its quenching of 


the 254 nm fluorescence of the indicator. 
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T.R.: 1740 cm (-CO,Me), 1690 (C=O), 1645 (C=C). 


Mass Spectrum: 

A) Chemical ionization with ammonia: 228 (M + 18) 

B) Electron bombardment: 210 (M, absent), 150.1043 (M - 60), 
One De) oo. COL ANE 155 CoH, 10, 20S) 2 22. LOL9 
Oro ea oO hOd 


Croft 
(M - 89, CoH),, 368), 107.0858 (C,H, 


(CiHo, 23%) 7 °9L.0545 (CjH, 12%), 85.0646 (C O, 42%), 


Bg 
84 (C.H,0, 1008), 82.0415 (C,H,O, 26%), 79.0544 (C,H, 


13.6%), 68.0626 (C. He, 14%), 67.0551 (CoH, 223 )e 
Oxime Of 10-oxogeranylacetate (29) 


A mixture of hydroxylamine hydrochloride (0.5 gms), 
aldehyde (29) 1)\(0259ms)\;and pyridine 7(0.5: mls) in ‘ethanol 
(5 mls) was refluxed for 1 hour. The solution was cooled 
and the alcohol removed by concentration under vacuum. 
Addition of water (5 mls) to the residue gave a yellow 
oil. Various attempts to induce crystallization in this 


611 sled) tosfailure. 
Semicarbazone of 10-oxogeranylacetate (30) 


Semicarbazide hydrochloride (l gm) and crystallized 


sodium acetate (1.5 gms) were dissolved in water (10 mls). 
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The solution was stirred vigorously and the aldehyde (27) 
(0.75 gms) was slowly added. Reaction was complete 
within 5 minutes, by which time the semicarbazone had 
precipitated out as white crystals. These were filtered 
off and recrystallized from 95% ethanol and dried ina 


vacuum pistol (yield 1 gm). 
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Attempted cleavage of semicarbazone (30) 


A solution of thallium (III) nitrate trihydrate 
(1.0 gms, 2.24 mmoles) in methanol (20 mls) was prepared 
and cooled to 10°C jin. an ice; bath. To it was added a 
solution of semicarbazone (30)e-( 02-5 Haas 2.28 mmoles) in 
methanol (8 mls). This mixture was stirred continuously 
for 15 minutes, by which time a white precipitate of 
thallium (I) nitrate had formed. The mixture was filtered 
anor thaeeri1 trate acidified with 10 drops of 0.1 molar 
aqueous H.SO,. It was then diluted with ether (100 mls) 


2.4 


and washed with saturated aqueous NaHCO, solution, water 


3 
(100 mls), and saturated aqueous NaCl solution, and then 


dried over MgSO Concentration of the solution under 


4° 
vacuum gave an oil (0.5 gms). Examination of this oil 
by T.h.Ce-tisilicaigeh, ichlonoform methanol) indieatedsat 
least four components, one which was the original semi- 
carbazide and two were carbonyl containing. It was 
obvious that the side reaction concerning double bonds 


mentioned in ref. 25 had occured and no further investi- 


gation was made. 
Reduction of 10-oxogeranylacetate (27) by Sodium Borohydride 


Sodium borohydride (7 gms, 0.185 moles) was dissolved 
in ice-cold dried diglyme (250 mls). Then a mixture of 
aldehyde (27) and alcohol (28) (60 gms) in diglyme (100 mls) 


was slowly added. When addition was complete the solution 


‘tg ral net none a iS * | og 


ea a Meet Wags Eire pra ce 


N . aa 4% I ¢ [ ‘ Tyr fe. sh ihe ee 


va 


Oetid aee. Been Gt ie sean weet 


oe a 


er eae uns Faint od wwlisvaame & 
a beak rag hal hs a gt: ea mae 


oe f : re 
i é i ce Thy 


ation Ld bo. be: Oe aR eines atest, ad: 
OLE)  gonee ate ty Fide ty SORA 3 “pi oi y | ie: 


i wr 


tea Nan eee) Mie Sues. | ge raaaee gsi tate, & a 
gs = . ‘ f a4) - ce 


. : {ioteolay Te eyeGHhe belay inba hein vite “ 
4oned ehtlon | sage 3 (tat ae . soa ee Bae . 
i> Bits To Tt b Rig bh bape. 1 Ne {ta ns, a 8 ang 
nade bok | Meine pains NOME SRI ak 
-rmead TEGlL Ea ee Stieee doaite’ ane SPqancemnn: pts 
any $4 uy hae aa {yin ‘ou Gott ‘baa. 4 
wheod ei deeb Be reine ee A TY sie ort nae 
2+ evirl “pee DR Hanh, baroehe ee Fo eat at | 


ey: 


ebiabipty sap mw od yd NR) eres giosenn SED 


biehosdts ane: tuo acty Aus iia 7 net titles mid! 
No siudeine wens) stele aay emg igh ‘Soin sieontoh 

(bie DOL) eorrtn sia). emcee ages ‘Sonants, im 
Apksgios o83 staliqans — SA de habbit 


was stirred for a further 8 hours at room temperature. 
It was then diluted with ether (1000 mls) and washed with 


saturated aqueous NaHCO, (200 mls), 10% aqueous Na,CO3 


3 
(200 mls), water (200 mls) and finally saturated NaCl 
solution (200 mls). It was then dried over MgSO, and 
concentrated under vacuum to give a yellow oil (96 gms). 
This still contained diglyme. It was fractionally 
distilled at 0.07 (Torr) and the fraction B.P. 117-125°C 
was collected. This was a mixture of two compounds. 

Gas chromatography on FFAP (8' x 1/8") programmed for 


150-200°C @ 4°C/min showed two components in the ratio 


2:1. The minor component had the shorter retention time. 


Peek. (CDCl): major, component = 6 5.4. (t, 2H, C=C 


694.6 (da, 25, -CH,—OAc), 67 4.0. (Ss 72h, -CH,— OH), 6 2a 
(s, 1H, —OH, D,0), 6 2.1 (m, 4H, C=C—CH,), 6 2.0 (s, 
O 


minor component — 6 5.4 (t,, 2H, C=—=CH—), 6 4.6 (d, 2H, 


—CH,— OAc), 6 3.48 (d, 2H, —CH,—OH), 6 2.8 (s, 1H, 


2 2 
—OH, D,0), 6 2.1 (m, 2H, C=C—CH,),, 6 2.0 (s, 3H, 


CH,—CO—O—), 6 1.7 (s, 3H, CH,—C=C), 6 1.2-1:8 (m, 5H, 


3 


—CH,—, —CH—), 6 0.9 (d, 3H, CH,—CH—). 


Z 3 


Preparation of Zinc Borohydride 
A suspension of anhydrous zinc chloride (34 gms, 


0.25 moles) and sodium borohydride (19 gms, 0.5 moles) 


in anhydrous ether was vigorously stirred for 48 hours. 
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The resulting mixture was filtered from the precipitated 
sodium chloride in a glove box under a dry Ny atmosphere. 
The clear filtrate was then standardized by volumetric 
estimation of the released hydrogen when a quantity of 
the solution was mixed with methanol. By this process 


fLowas fsOund. (LO pe 02M “(in zinc). 
Zinc Borohydride Reduction of Aldehyde (27) 


A solution of crude aldehyde (27) (9 gms, 0.043 moles) 
in ether (100 mls) was prepared. This solution was cooled 
to 0°C and stirred while a solution of 0.2 M Zn (BH,) 5 
in ether (120 mls, 0.024 moles) was slowly added. When 
addition was complete the mixture was allowed to warm to 
room temperature and stirred for 1 hour. The ether 
solution was shaken in a separatory funnel with pH 7 
buffer (100 mls) and the ether layer drawn off. This was 
washed with water (100 mls) and saturated aqueous NaCl 
solution (100 mls) and dried over Na,SO,. Removal of 


the ether by vacuum concentration gave an oil (8.1 gms, 


P-M-R. (CCl): .6 5,35, (t, 2H, C=C), 644.53.(d,) 2H, 
CH,— OAc), OL Ooo tS yl, CH,— OH), Oy Se 4u (Si LH, OH, 
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B.ReO (neat) 17+3400 cmt broad (—O—H), 1730 cm 2 


BeGOhona fchoulder1 (@=aCi 130 cua, (C=40). 


(C=O) , 


Mass spectrum: chemical ionization (NH,), a0 (Mate Be OOS). 


electron bombardment, 152 (M - 60, Ci 94160: DS), LOU (Me— 627 
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Preparation of anhydrous magnesium chloride 


Magnesium chloride hexahydrate (50 gms, 0.25 moles) 
was placed in a large flask fitted with a dropping funnel 
and a reflux condenser. Thionyl chloride (450 gms, 274 
mls, 3.8 moles) was slowly added vita the dropping funnel. 
When addition was complete, the mixture was refluxed for 
1 hour and then the excess thionyl chloride was removed 
by concentration under vacuum. The residue was heated 


Su 907C tor 8 hours) ac 0.5; Torr.) yield 24 Gms ) (quant) 


Manganese Dioxide Oxidation of Alcohol (28) 


A mixture of alcohol (28) (2 gms, 0.0094 moles), 
Manganese dioxide (4 gms, 0.046 moles) (activated, 
prepared by the method of Attenburrow, see ref. 31) and 
methylene chloride (100 mls) was stirred under N,- Exam- 


ation Ofythe supernatant by G.L.Cly(OV—-17,,, 150=200°¢C 
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@ 8°C/min) after 12 hours revealed a mixture of the 
aldehyde (27) (85%) and alcohol (28) (15%). Within 24 
hours the aldehyde constituted 95% of the mixture. 
Filtration and concentration tn vacuo gave the pure 


aldehyde (27)- > Yield” 1.9" gms (94%) . 
Preparation of bromoacetate (33) 


Phosthorots tribromide (6 gms, 0.022 moles) was 
Slowly added to a solution of alcohol (2:8)7 (7 eoms,0.. 033 
moles) in dry ether (125 mls) at 0°C with stirring. When 
addition was complete the reaction mixture was stirred 
for 8 hours at 0°C. It was then worked-up by hydrolysis 
with pH 7 buffer (100 mls) and the ether layer washed 
with water and aqueous saturated NaCl solution and dried 
over NajSO0,. Removal of the ether tn vacuo gave the 
bromoacetate (33) (4.35 gms, 46%). 

The latter was further purified by dry column chroma- 
tography on silica gel using methylene chloride as solvent. 
Pure bromoacetate (33) was isolated. “Yield 3.9 gms (4332 
overall). Analysis: Calc. for C1 2H} 90>Br, Gy SPAS ENS e- 

He 6207 Bry coeds FOUNG’ Cy Oe wo ly Hy) .Uasmbiy “29. 15. 


Note, this compound was unstable. 
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eh. (CHC13, Oo INS hs, al 50m (C—O) 7 1670 (C==C), 1270 


(CH,— Br). 


Mass spectrum: chemical ionization with ammonia, 292 
(M.+ 18, 100%),.294,(M + 18, 98%); electron bombardment; 
Zee Medea OO el eye, eo iM = OO gel 6) 40) 49 GS e rye 47 ' (3%), 


Pee Ma-uGO. —sbr 60%) sult u(102)) 4.117 (10%) -.93.. (60%), 


SSOP) aos loc) yo. 205 )e, 209 (100%) s68 (902). 167 (808). 


j i iBr. 
Preparation Of bromoacetate (33) using PBr and Li 


Phosphorous tribromide (0.7 gms, 0.25 mls, 0.026 
moles) was slowly added to a stirred mixture of lithium 
bromide (1.0 gms, ‘0.0135 moles) and alcohol (28) (1.5 gms, 
0-007) moles) in ether (200 mls) at O0°C. ‘Stirring “was 
continued at 0°C for 24 hours. Work-up was identical 
with the previously described sequence and yielded pure 


bromoacetate .(33).....Yieldil.7. gms. (88%) . 
Effect of Methylmagnesium Iodide on the Bromoacetate (33) 


Methylmagnesium iodide in THF (4 mls of 1.84 M, 
7.36 mmoles) was added to a solution of bromoacetate (33) 
(500 moms, .8.82:ammoles) in dry T.Her. (50\mls)\ at 0°C. 
The solution was starred at 0°C for 7 hours. Analysis of 
aA®*emall aliquot’ (?T.L.C., Silica gel, chloroform, methanol) 


indicated the complete disappearance of the bromoacetate 
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(33). The reaction mixture was diluted with ether (200 
mls) and hydrolysed with pH 7 buffer (200 mls). The ether 
layer was drawn off, washed with water and saturated NaCl 
solution and dried over Na,S0,. Concentration tn vacuo 
Gavevan’o1l (260 moms, 852) On, T.L.C.. (silica gel, 
chloroform/methanol) this oil gave a single spot (R.F. 
Ovo) LOCNtiCcaliwitn that’ Of geraniol..\\GsL.C.. (FRAP, 
HOSS 1/8", 110-200 @ 4°C/min) indicated the presence of 
two compounds in the ratio 9:1. Compared to geraniol 
both compounds have longer retention times, with the major 


of the two being the longest. 


Major Component (35A) 
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Seong 5 ete e oH 1H ACH) 

GtL*Ca/Mass Spectrum: L687 (M*,; “absent), "150° (M™"-—"T8, <1%), 
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Minor Component (35B) 
P.M. (CCl,): oroeo2) (bt, 1H, C=@8) 7 0745525 (a, 72H; 
C=CH>), Cea td fp O2H; CH,— OAc), on2eO tim 4H, CH,— C=C), 


6 eo (s, 3H; CH —C=C), 6) es5 5 (si, Sily CH3—C=C), 6) 1270 
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(d, 3H, CH —CH). 
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Golb.€s/Mass yspectrum.) 1682 (M, (absent) 7 #1660 (Mc) -. 2), <18), 
mod) (My Seo, Cons) 3 15 5 OS), E21 Cis s)ipekO7 . (208%), 
Sem Ge tp a) (208) eo es) toe (25S), 817 (509) 7,79 (30%), 


OOeeC2 96) 590 710305), 5: (0358)7,8 55 . (30%), 41 (1008). 


Mixture 90% (35A) and 10% (35B) 


Wee (CHCl 045 mmc) 3600 cm +7 451 (0-H); 1670. cm -; 


3% 
pete —=C ye fesscm ww, (C=3C). +- 1645.20 (C=C); 


Mass spectrum: © 168.1514 (MC Beno Ost O07) LOM = 18), 


11 20°: 


82) aed O17 (CoH 14%), 93.0702 (C 31%), 


qig: 
19%), 81.0702 (C,H 


3A 


Ll! 50%), 82.0780 (CoH og: 


Se) 19. OS4T (2S), (67-.0 551 (C,H 23%) peo 50 2 (C,H 


Craig? 
83.0860 (C,H >) 
9! 7! 
100%). 


Reductionyot Bromoacetate (33) 


Diisobutylaluminum hydride (25% in benzene, 10 mls, 
17.6 mmoles) was added to a solution of bromoacetate (33) 
(2-2-0mS;, mmoles) an okellysolve’ B,(50 mis) at room 
temperature under No. The solution was stirred for 5 hours. 
It was hydrolysed with aqueous pH 7 buffer (100 mls). 
The organic layer was drawn off, washed with water, and 
dried over Na,SO,. Concentration tn vacuo gave an oil 


(225. OMSiy. 61 &) 
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Sed). 259 (bus aH, —OH)sy 18 $2 dui (m,('AMy \CHy—C=C)iy 6 1.75 


(s, 3H, CH,—C=C), 6 1.65 (s, 3H, CH,—C=C). 


I.R. (neat): 3350 omic! broad, (O—H); 1670 cma W, 


(C=C); 1085 om 4, s, (C—O). 


Mass spectrum: chemical ionization with ammonia; 250 


Mier eee o0s 2282" (mM, 85 
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Reaction of geraniol and allyl magnesium bromide 


Allyl magnesium bromide (in "BU 0, 250; MSsor, 0.225 iM; 
0.062 moles) was added to a solution of geraniol (4 gms, 
0.027 moles) in "BuO (10 mls) under N.- The stirred 
solution was refluxed for 24 hours. G.L.C. analysis of 
Aneel OuUOEZ\EEAr, 2.0" xX 1176-7 LlO—200°C%@r 4°C/min) 
indicated a mixture of two compounds in the ratio 3:1. 

The minor component was geraniol. The reaction mixture 
was cooled and extracted with pH 7 buffer. It was then 
washed with water, saturated aqueous NaCl solution and 
dried over Na,SO,- The "Bu,0 was removed by concentration 
under high vacuum. The residue was a pale refractive 
bigquidoat326 xgms)i. walwocgnamsJofythis)liguidewere chromato> 
graphed on 180 gms of Woelm Silica Gel (Grade II for dry 
column chromatography) using methylene chloride as solvent. 


The desired compound ran with the solvent front, and 
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Was*recovered as’aiclear Piquid (750"mgms). This liquid 
was then subjected to molecular distillation at 10 microns 


to give a clear colourless liquid (500 mgms). 


N.M.R. (CCl,): CO. Uso aM eot eo ty) OF a O— 4.65.) (i, OH 2 )h, 


eee Oe OL) plo. Sen (OH, CHa C= C)ije0 155 (ss, 6H, 
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CH,—C=C), 6 1.2 (m, 1H), 6 0.95 (s, 6H, CH,—C). 


| 3 


TeRUSineat) +" 3060 one W, (em Hy t2o00-2e40ene- , s, (C—H); 


1645 eneen m, (C=C); ' 910 cuimet Ss, (— CH=CH, ). 


Mass «spectrum: °274-2661 (M,C 5S) 2002 2499 8(C 


20834" 19#32° 


10%), ° 258.2354 (C Dene tow (Ll 2S) Sealy GV bl soe 1365) (13%)., 


19 307 
Poissy) ) 109 (50eym, 107, (45%) A 935 (8008p, (91 (eosys 


Sle 90S) 7 69"41003)., "67 “C30S) 7 559 (30F)’. 
Attempted Grignard cyclization of bromoalcohol (34) 


Methylmagnesium iodide (1.2 mls of 1.84 M in benzene/ 
THF, 2.2 mmoles) was added to a stirred solution of the 
bromoalcohol (34) (500%4mgms . #2. 6) mmoles)Min@ Pon FY (50 


ints) at*0°C under’ N After stirring for 10 minutes 


2° 
Magnesium powder (100 mgms, 4.1 mmoles) was added and the 
mixture stirred at room temperature for 12 hours. The 
reaction mixture was decanted from the unreacted magnesium 
and diluted with ether (150 mls) and hydrolysed with pH 7 


buffer (100 mls). The ether layer was recovered and 


washed with water and dried over Na,SO,- Concentration 77 
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vacuo gave an oil (~ 300 eat. Examination of this oil 
by T.L.C. (silica gel, chloroform/methanol) indicated 

a plethora of components. However an odor of lemons was 
distinctly apparent when the plate was examined. One 
spot (R.F. 0.6) was slightly yellow to. the naked eye and 
strongly quenched U.V. radiation at 254 nm. Comparison 
Opethis spotowath citralsontTsLac: vyyieldednidentical R.F. 
values. This spot was isolated by prep. T.L.C.. 
Comparison of the infrared spectrum with that of citral 


proved them to be identical. 


NUM:R-(CCL,):) 89.9 (d,/1H, CHO), 6 5.78 (d, 1H, 
—=HC— CHO), 6 5.0 (m, 1H, C=CH), 6 4.65 (s, 2H, C=CH,), 


Oecaser I Gk He 1Olel.6Smis, nol; CHo-3eC—e)pmoelg6 (spas, 


3 
CH,— C=C). 


Reaction of geraniol with "Butyl lithium and tetramethyl- 


ethylene diamine 


NeuLi (10 mls of 1.6 M, 16 mmoles) was added to a 
solution of geraniol (1 gm, 3.9 mmoles) and TMEDA (0.745 
omns7.6.4 mmoles) ZintdryxT sow. (100 mis), atsroomytempera- 
ture under N,- The solution was stirred at room tempera- 
ture. fore] 2ehounsn wAnalysiast?by Galec. L(IFRARGeLOS2xdl 78%, 
110-200°C @ 4°C/min) indicated a new compound with a 
shorter retention time than geraniol. It constituted 


25% of the mixture, the rest being geraniol. The reaction 
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mixture was hydrolysed athe i,puLter, (100 mls) and 
then diluted with ether. The ether layer was collected, 
washed with water, and saturated aqueous NaCl solution 
and dried over Na ,SO,. Concentration tn vacuo gave an 
oil, which was immediately chromatographed on silica gel 
‘Woelm, Dry Column, Grade II) with methylene chloride. 
The new component ran near the solvent front and was 


collected with ease. 


MasSuopDeCcEnuMmer 350) (Mayet a ie 275 (ole) 2500 (ats), 
Pees pe oOO el O ey) 7 OC os) i L235) (25%), LOoa(25%)., 

Peet LDS ip toe Los Ge CS l2s)), ol (20%) ,: 694(1003)s: 

A similar procedure was used to investigate the reaction 


of geraniol with MeLi and "BuLi in the absence of TMEDA. 
Attempted, photocyclization of aldehyde (27) 


10-Oxogeranyl acetate (27) (1 gm, 4.5 mmoles) was 
dissolved in hexane (200 mls) and irradiated with a 
medium pressure mercury U.V. light (Hanovia) using a 
pyrex filter. The progress of the reaction was monitored 
by: Gel CanlOV —s224 1G) x. 2emm/ 120-200°C :@)4° min). _ No 
change could be detected after 1 week of irradiation. 

This reaction was repeated under identical conditions 
using trifluoroethanol (200 mls) as solvent. On this 
occasion geranyl acetate which was present as an impurity 


(<5%) in the aldehyde (27) disappeared over the course 
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of 2 weeks. The aldehyde remained unchanged. 
Photochemical reaction of geranyl acetate 


Geranyl acetate (2 gms, 10 mmoles) and benzophenone 
(100 mgms, 0.55 mmole) was dissolved in trifluoroethanol 
(100 mls) and irradiated with a medium pressure mercury 
U.V. lamp (Hanovia) and a pyrex filter. After 1 week 
Cruse. analysis @(OV. 1227 418" x73 mn, “LZ0=20084G4°> (min) 
indicated that 60% of the geranyl acetate had reacted. 
The new product appeared as a broad decomposition peak 
with a longer retention time than geranyl acetate. T.L.C. 
analysis (silica gel, chloroform/methanol) showed the 
new compound as a double spot, more polar than geranyl 
acetate. It was isolated by prep. T.L.C. (silica gel, 
chloroform/methanol) as a light yellow oil with a penetrat- 


ing odor which tended to induce dizziness. 
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Treatment of hydroxyacetate (28) with p-Toluenesulphonic acid 


A solution of hydroxyacetate (28) (1 gm, 4.76 mmoles) 
and p-toluenesulphonic acid monohydrate (150 mgms, 0.79 
mmoles) was prepared in benzene and refluxed overnight in 
conjunction with a Dean and Stark water collection device. 
The purpose of the latter was to collect the water of 
crystallization of the toluenesulphonic acid plus any water 
produced in the reaction. Examination of the benzene 
solution next day by T.L.C. (silica gel/chloroform/methanol) 
revealed a single new compound with a higher R.F. than 
that of the gato tyaeestate (25) Vit was thesontyedetect= 
able component of the reaction mixture. The reaction 
solution was worked up by washing with saturated aqueous 


NaHCO. solution, and water, and drying over Na,SO,. 


3 
Concentration of the benzene solution in vacuo yielded a 
yellow:oil (400 mgms). This was identified as the 


diacetate. (sa) (yvecd. 606, based on maximum theoretical 


yield of diacetate (600 mgms)). 
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P.M-R. (CDC13): 6 5.3 (t, 2H, CHC), 5 4.48 (d, 2H, 
CH—CH,—OAc), 6 4.35 (s, 2H, C—CH,—OAc), 6 2.1 (s, 


3 


CH,—C=C). 
I.R.: (CHC1,, 0.5 mms) 1735 oe Reale: aise) veneeace 


(acetate C—O stretch). 


Mass spectrum: 
A) Chemical ionization with ammonia - 274 (M+ 2 + 18, 33), 
Zn eee te Lo, LOG) y are (Mets, LOOS) ; 1090 (94S) < 


B) Electron bombardment - 195.1373 (Cc Mei— 59% 922 0. 


qo 9 oF 
Ted 1045e(chemerovnaaeyy “149-02 so"(e.HEO. 428), 


Pode. 0c0o CC OF 27s) 4) 134. 1095 (Cc 85%), 


10% 4°" 
18%), 119.0860 


005 


Le Ooo (CG ZLeyge beo (Cah 


ae 7H 9°2" 


(c De) peo 0 LO (CjHO, Boal Ze UOLL (CH 


941°? 
12%), 91.0546 (C{H,0, 218), 85.0648 (C 


oad 
5Hg0, 38%), 

84.0576 (C,H,0, LOU) 7 1720950 (Cp HW, 193), 80.0628 
(CH 


g? 40%), 55.0564 (C,HL, 23%). 


Preparation of 10-tosyloxygeranylacetate 


A solution .of 10-hydroxy geranyl acetate (28). (500 
Moms, .2.56 mmoles) in dry diethyl” ether was prepared. 
The solution was cooled to 0°C and “BuLi (1.2 mls of 
2.0 molar in n-hexane, 2.4 mmoles, 154 mgms) was slowly 


added. After 5 minutes, a solution of p-toluenesulphonyl 


br 


pie 
ie a nee 8 Praia bi <a 


Ve ~ ¢ 
He Rh BR i ra a 
ihe of Ap ey 2k 
. 4.9 Yr \ cal Lary * a 
be. 
2 < ? 4 ad 


nee aie B28 ee 


hi - f n 


Gob Mb) Ae eninge. oie smtaeginad, teok 
by eae Cendt: <a Uns Creag ei, os a Poin? i 
nd 


ef ; 


Me i uaa ee Lae to sevenload | 1 Bika 


i an ‘ , woud \ 
4 - 4 


PD PERE 4 HARE 2h door BA 


ie 8 
- 1 t . by 2 


i aor gipatt Ny f ONE  eMyeets eke 


Se ss Ge oa ae "sy aoe, OSE Cras eee geet on 
hid) PioO ea! see ea *) here\ ce ule Oye? 
a een “iiss é 5 yoga sega ce Ve 


i aha 


1 FL #5 32 Bae oy saya ie prot Patan ‘Sree 4 
pee ni mee. ae (at el a 


, ta 
as a... 


ary nes i 


7 


Ms Vines wt} 


berate ny 


wiWode eal ( aenetne 
Uwe Sitiend thee rhents a bes ; 


i s¢ iG 
i © OO Lk ee i, a a te 


chloride (474 mgms, 2.5 mmoles) in ether was added. The 
mixture was stirred overnight with gradual warming to 
ambient temperature. Investigation of the reaction 

mixture next day indicated complete reaction. No 10-hydroxy- 
geranyl acetate could be detected (T.L.C. silica gel/ 
chloroform/methanol) but two new compounds were observed. 
These were at a higher R.f. value than the starting 
material. The reaction mixture was worked up by hydrolysis 
with aqueous pH 7 buffer and drying with Na.SO,- Concen- 
tration tn vacuo gave a yellow oil. This oil was 
chromatographed On silica gel (Woelm, Grade II, special 

for dry column chromatography) using chloroform as 

solvent. Two fractions were collected, the one at high 
R.f. being a new compound, 10-chlorogeranyl acetate (45) 
the lower R.f. compound being the previously isolated 
bO-acetoxygerany) acetate, (44). fhe latter was identified 
by comparison of its spectral data with an authentic 
sample. 10-Chlorogeranyl acetate (45) was identified by 


the following spectral evidence. 
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CH,— OAc), Oy SO 2S Welly =C—CH,— £1), Oa 2h earl, 
CH,—C=), Ooms, SH, CH,—CO— 0), Gaels es Sra OH", 
CH,— C=C). 

-] 
DIR Ssolutren CHCl., O45, mms it 15s7 30 cm (s74C==0) 
1280-1250 em 7+ (b, CH,—Cl wag and acetate C—O stretch). 
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Mass spectrum: 

A) Chemical ionization with ammonia - 250 (M + 2 + 18, 328%), 
2a0 \Maake O74 g lO0sns, 2e0e( 82), 214 (16%), 212 (12%), 
Z0G (Se) ye 2065164), 190 2CUe 7, Lss. (3%): 

B) Electron bombardment - 230 (M, absent), 229 (M-1, 
OA 2 ay & 
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Preparation of N,N-diethylmethylsulphonamide 


Diethylamine (60 mls, 42.6 gms, 0.58 moles) was 
Slowly added over a period of two hours to a solution of 
methanesulphonyl chloride (30 mls, 44.4 gms, 0.39 moles) 
in CHoCl. 


warmed up to ambient temperature and then stirred for 


at -40°C, while stirring. The mixture was 


24 hours. The reaction mixture was worked up by washing 
with saturated aqueous NaHCO, SOlmeron, pH 4 buffer, 
water and drying with magnesium sulphate. Concentration 
of the methylene chloride solution tn vacuo yielded the 


crude sulphonamide. The latter was further purified by 
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distillation tn vacuo. The fraction boiling at 92°/5 mms 
Hg was collected. This was pure N,N-diethylmethyl sulphon- 


amide. Yield 23.5 gms (40%). 


P.M.R. (CDC1,): OS M2 eT sae) AZ, SO,—CH,—CH,), 


SeeetlelS, 7S, CH —SO,), Oa Lo(t, “6H, 0 = vi, SO — CHj— CH. 
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Preparation of "magic mesyl" (N,N,N-methyldiethylmethyl 


sulphonate). 


N,N-diethylmethylsulphonamide (10 gms, 0.066 moles) 
was dissolved in methyl fluorosulphonate (20 mls, 28.2 
gms, 0.24 moles) and heated to 50°C under dry Ny EOG..S 
days. The reaction mixture was diluted with methylene 
chloride (50 mls) and cooled to -78°C, whereupon the 
"magic mesyl" crystallized out. The crystalline ppt 
was filtered off under No in a glove box and washed with 
dry CH5Cl., and dried by suction. Yield of pure magic 


mesyl 9.46 gms (52%). 
Preparation and solvolysis of 10-mesyloxygeranyl acetate 


10-Hydroxygeranyl acetate (500 mgms, 2.36 mmoles) was 
dissolved in dry acetonitrile (50 mls) containing dry 
pyridine 3(0.30 mls, 0.29.gms, 3.41 mmoles). The solution 
was cooled to -45°C (F.P. of acetonitrile) and "magic 
mesyl" (1 gm, 3.77 mmoles) in acetonitrile added (2 mls). 


The solution was stirred at -45°C for 30 minutes and then 
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warmed to -10°C. It was then diluted with aqueous saturated 
NaHCO, SOrucfton 00 Miusjeand stirred at =5°C for 12) hours. 
The reaction product was recovered by work up with ether 

and careful washing of the ether layer to remove acetonitrile. 
After drying with sodium sulphate the ether layer was 
concentrated tn vacuo to give a yellow oil (400 gms). 

This oil was chromatographed (silica gel, Woelm, Grade II 
For “ary eolaan chromatography, 40 gms) using methylene 
chloride as solvent. Two fractions were isolated. The 
higher R.F. fraction was identified by G.L.C. (OV 225 

10" x 4 mms, 110-220 @ 8° min) as 10-acetoxygeranyl acetate 
and by spectrometric comparison with an authentic sample. 
The lower R.F. fraction was a mixture of two compounds 

feat 1O160/40) by Go unc. a(OVii2~o,, LOn ied) mms) -LL0-220 

@ 8° min). Spectrometric evidence identified these as 


Ene etsomericlallyirc salconols, (28) (and (46): 
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Mass spectrum: 
A) Chemical ionization with ammonia: 442 (2M + 18, 88), 
230 4M, +048 ,CL00t) 3" 214 (63) 4 


B) electron bombardment: 223 (C Mista: OS 56S) ; 
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Preparation of Geranyl=p—-anisate |(50} 


Al solutioniio£ anisoyl chloride (50 gms, 0.34 moles) 
in benzene (100 mls) was slowly added to a solution of 
geraniol (53° mils, 4622..9ms, 0.3 moles) in benzene (500 
mls) and triethylamine (40 gms, 55 mls, 0.4 moles) at 0°C. 
Throughout the addition the mixture was stirred and the 
temperature maintained at 0°C. After addition was complete 
the mixture was allowed to warm to room temperature and 
stirred for a further two hours. The reaction mixture 
was worked up by hydrolysis with pH 9 buffer and washing 
with water. After drying over Na,SO, the benzene was 


concentrated in vacuo to give pure geranyl-p-anisate, 
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83.7 gms (97.5%). 


PeM Rs (CDCl): 6 7-9 (@, 2H,.d =.4, Ar—H), 6 6.8 (d, 
Soi 4 rr) 6054 (teen, CCH), 6 5.0 (m,' PH, 
@—-cH)} 6 4-7 (d, 2H, CH, 
6 2.04 (s, 4H, CH,—C=C),.6 1.73 (s, 3H, CH,—C=C), 


me O ese ( 2a (S,) 20, Ar —0-CH,), 


6 1.62 (s, 3H, CH,—C=C), 6 1.54 (s, 3H, CH,—C=C). 
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I.R. (CHC13, 0.5 mms): 1708 ((C=0), ester, 1605 (benzene 


ring), 840 (m, O—Ar—H). 


Mass spectrum: 
A) Chemical ionization with ammonia; 323 (M + 35, 83%), 
SOG UME @Lo ru LOO Ss) aco tM 2, bee 225) ( LOS). 


B) electron bombardment; 152 (CoH 44%), 149 (CoH.03, 
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2 cy oy 
(CoH, 37 ESS) (A493 (CoH, 842) 7. 92 (CiHy, Hs) eo O (CeHe, 


143) eal? (CoHe, 225% 
Selenium Dioxide Oxidation of Geranyl-p-anisate (50) 


A solution of selenium dioxide (28 gms, 0.25 moles) 
in hot 95% ethanol (250 mls) was slowly added to a stirred 
refluxing solution of geranyl p-anisate (50) (74.9 gms, 
0.26 moles) in 95% ethanol (250 mls) at such a rate as 
to keep the mixture gently refluxing. After the addition 
was complete, reflux was maintained for 2 hours. The 


solution was cooled and decanted from the metallic deposit 


927. 
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of selenium, filtered and concentrated tn vacuo. The 
residue, a dark yellow oil, was dissolved in ether (250 


mls) and washed successively with 10% aqueous Na.co 


26 hess 

water and saturated NaCl solution. After drying with 
Na5SO, the ether was removed and the crude reaction product 
recovered. This was a complex mixture (>10 components). 

It was chromatographed by dry column chromatography 

(Woelm Silica Gel - Grade II for dry column) using chloro- 
form as eluant. The aldehyde was easily located on the 
column by its strong quenching of the 254 nm fluorescence 
of the indicator. This product was rechromatographed 

by Othe) sameatechnigquestoxsgive, the. pure: aldehyde, (50) 


23.4 gms (30%). 
1 
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Mass spectrum: 
A) Chemical aenization with ammonia; 320 (M 4+128, 2.800%). 


B) electron bombardment; 302 (Cy gH5 504, 0246%), 152 (CoH,O3, 
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gane -BOrohnyoride reduction of Aldehyde (51) 


Apsotucion et aldehvder (sl) (9 gms, 0.03 moles) “in 
ether (100 mls) was prepared. This solution was cooled 
Oo 0°C%and stirred while “a “solution:.of .0:2°>M Zn (BH,) 5 in 
ether (75 mls, 0.15 moles) was slowly added. When addition 
was eonpTete the mixture was allowed to warm to room 
temperature and stirred for 1 hour. The ether solution 
was? shaken“in’a’ ‘sep.’ ) funnel with pH’ 7 buffer” (100°ml1s) 
and the ether layer drawn off. This was washed with water 
(100 mls) and saturated aqueous NaCl solution (100 mls) 


and dried over Na jSO,- Removal of the ether by vacuum 


concentration gave an oil (5.9 gms, 64%). 
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Mass spectrum: 
A) Chemical: vonization with ammonia, 322% (M + 28, 100%), 
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B) electron bombardment, 304 (M , absent), 287 (M - 17, 
Bm) pez e(3 sy LSa2ele ss), ols5wb00%) 493 018s), 9270128), 
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Preparation and solvolysis of 10-mesyloxy geranyl 


Pranrsate (52) 


LO=hy droxy igeranyl }p=anisate, (52)0.(500 mgms;) 1:64 
mmoles) was dissolved in dry methylene chloride (25 mls) 
and, Gry, acetonitrblen(25:mls)icontaining «(0.<20mmlsi;)0:219 
gms, 2.3 mmoles) of dry pyridine added. The solution 
was cooled to -78°C and magic mesyl (0.65 gms, 2.5 mmoles) 
in acetonitrile (2 mls) was added. The solution was 
stirred at -78°C for 30 minutes and then warmed up to 
-10°C. It was then diluted with aqueous saturated NaHCO, 
solution (50 mls) and extracted with methylene chloride 
(3 x 20 mls). The combined extracts were washed once 


with water and dried over Naso, - Evaporation of the 


methylene chloride tn vacuo gave the crude mesylate. 
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Solvolysis studies were conducted by dissolving the 
crude mesylate in hexamethylphosphoramide (10 mls). It 
was found that solvolysis was essentially complete in 12 
hours at room temperature. Work up was by dilution with 
water and extraction with methylene chloride. The only 
identifiable product of this reaction was the alcohol (52). 

When perdeuteromethanol (2 mls) was added to the 
hexamethy lphosphoramide (10 mls) the products isolated 
vita the previous procedure were the perdeuteromethylethers 


(55) and: (50). 
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Preparation Of 10-chlorogeranyi-psanisates (57) 


The ‘crude mesylate (53) is suspended in saturated 
ammonium chloride for 1 hour at room temperature and the 
mixture extracted with methylene chloride. Concentration 
of the methylene chloride solution tn vacuo gives extremely 


pume 0-chnlorogeranyl—p-anisate (57) (quantitativeryield). 
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Preparation and reaction of dimethylallyl magnesium bromide 


condenser 


addition 
funnel 


magnesium 


Sintered 
glass 


ey 


was added. 


ether in the central chamber gently boiling. 


Magnesium (special for 
Grignard reactions, 10 gms, 
0.41 moles) was placed in the 


apparatus illustrated. The 


95° 


stopcock was closed and mercuric 


bromicgem(4yoms)2 in 1 .H.. Ff’: 

(50 mls) was introduced 
through the addition funnel. 
After 5 minutes the T.H.F. 
solution was drawn off. A 
flasks contaming Gry: aiethy ) 
ether was then attached to the 
bottom and refluxed for 10 
minutes to remove any traces 
of mercuric bromide. This 
flask was replaced with another 
containing fresh dry ether 
and refluxing continued. Slow- 
ly over a period of 6 hours 
(14.9 gms, 0.1 moles) of 
1-bromo-3-methy1-2-Butene 


dissolved in ether (20 mls) 


The rate of addition was such as to keep the 
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disc indicates magnesium bromide and the rate of addition 
is too fast. The Grignard reagent was collected in the 
lower flask. 

To the Grignard solution was added 10-bromogeranyl- 
acetate (400 mgms, 1.46 mmoles) and the solution stirred 
under reflux for 8 hours. The reaction was worked up by 


POUrIngeLeintoe loo mis of ice cold 3M (NH,)5SO, solution. 


This was extracted with ether, which after drying with 
Na,SO, and concentration tn vacuo gave a yellow oil 

(1.4 gms). This could be separated by prep. T.L.C. 

into three components. Two components were very non-polar 
indicating that they were hydrocarbons. The third 
component corresponded on T.L.C. with farnesol. It was 


ZUCUE EE Leduas duahaunesol isomer (5.9 )s. 
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CHAPTER TWO 
INTRODUCTION 

The history of the Lycopodium alkaloids began in 1881 
when Bédeker°® investigated the chemical components of 
L. complanatum. He isolated an alkaloid whose description 
corresponds to one now known as lycopodine (70). In the 
intervening years much work has been done on the Genus 
Lycopodium and many more alkaloids have been isolated. 
The structure of lycopodine was not assigned until 1960, 
but the first lycopodium alkaloid structure was determined 
in 1957, when Wiesner characterized annotinine > (7). 
Both of these compounds have now been synthesized and their 


chemistry thoroughly investigated. 


In these laboratories the chemical correlation of 

; P : : A 2 
annotinine with lycopodine was undertaken by Braithwaite. ° 
In the course of his studies he had occasion to prepare 


a derivative of annotinine - namely methyl epiannotinate 
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(72). This compound had been described previously by 
Marion et nee who prepared it by treating annotinine 
with metanolic potassium methoxide. Upon repeating their 
procedure Braithwaite detected a new compound in addition 
to methyl epiannotinate. This new derivate he called 
the mystery ester - or Ester "M", because of its unusual 


properties and elusive structure. 


CO2CH3 


TTT] 


(71) (72) 


Ester "M" was insoluble in most neutral solvents 
and very sparingly soluble in methanol. It was soluble 
in acids confirming 1ts. Gasici nature. (The infrared 
spectrum showed a strong carbonyl band at 1719 cm, and 
a broad hydroxy band at 3380 ene As the cleavage of a 
lactone by potassium methoxide gives a methyl ester and 
as ester "M" lacked the y lactone absorption at 1780 en 
found in annotinine, this band must be due to an ester 
fFUnNCLIONLeeThis Lactwas conrirmed by, P.M. Re) which 


indicated a carbomethoxy function at 6 4.0. lLactone 
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cleavage produces an hydroxy group in addition to an ester 
group, and again this is confirmed by the formation of a 
diacetate of ester "M". Since annotinine has no hydroxy 
groups, the second hydroxy group must have come from 
cleavage of the epoxide moiety. The mass spectrum of 
ester "M" contained a parent peak at m/e 307. When compared 
to annotinine (M.W. 275) this clearly indicated the 
addition of one molecule of methanol. The base peak at 
m/e 248 corresponded to the loss of 59 m.u. and therefore 
a carbomethoxy group. 

Gathering all these threads of evidence together 
one was inexorably drawn to the conclusion that ester "M" 


had the structure 6/3 4s 


OO 


a OCs 


His 
OH 


eke, 


This structure accounted for the lower than usual 
I.R. value for the ester function. However 1719 omit is 
within keeping for a cyclopropyl ester. The stereochemistry 
shown was based strictly on the stereochemical relation- 


ships of the functional groups in annotinine. This 
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interesting structure and the stereochemistry was later 
confirmed by X-ray analysis of a derivative of ester name 

At this point a number of interesting questions arose. 
What was the precursor for ester "M" - was it annotinine 
or methyl epiannotinate? By what mechanism was ester "M" 
produced from either of these molecules? And what is the 
nature and stability of the cyclopropane ring in ester "M"? 

The first of these questions was further complicated 
by the fact that the formation of ester "M" was not 
reproducible. The exact combination of natural events 
required for its production remained elusive, despite 
various attempts to define them. One thing seemed clear 
however, that the potassium ion is essential, the reaction 
failing to occur with sodium or lithium methoxide. 

The second question is relatively PE Monae a 
and there are many physical methods amenable to this 
problem. 

The third question was certainly the most intriguing. 
There are noe methods to determine the nature of 
the cyclopropane ring. One can observe its effects on 
neighboring functional groups and compare these to the 
standard values measured for other cyclopropane rings 
and one can perform certain standard reactions which are 
characteristic of cyclopropanes. This is what we intended 


Lo do. 
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DISCUSSION AND RESULTS 
In order to distinguish between annotinine methyl 
epiannotinate as precursors for ester "M" it was decided 
to investigate thoroughly the reaction between annotinine 
and both sodium and potassium methoxide. One would 
expect such a reaction to proceed vita a series of equi- 
libria involving annotinine (71), methyl annotinate (74) 


and methyl epiannotinate (72). 
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To avoid the complication of concomitant formation 
of ester "M", sodium methoxide was used in initial 
experiments. It had been observed previously that little 
or no ester "M" is produced by sodium methoxide whereas 
potassium methoxide often gave high yields of ester "M". 

The reaction of annotinine with 9 equivalents of 
sodium methoxide in methanol was carried out. The progress 
of this experiment was monitored by T.L.C. on silica 
gel. Aliquots were removed from the reaction mixture 
and the base present was neutralized by the addition of 
Amberlite IRC - 50. The latter is a weakly acidic 
carboxylic type ion exchange resin. When used in methanol 
as was the case here, there was no danger of the alkaloids 
- being absorbed onto the resin. Thus the reaction solution 
after neutralization could be applied directly onto the 
hi bLeCiopbate.s 

When studied by this method the reaction clearly 
proceeds via.an intermediate. By comparison of R.f. 
values with authentic material this intermediate was 
identified as methyl annotinate. Over a period of 72 
hours at room temperature the annotinine is gradually 
consumed, being replaced by methyl annotinate and ulti- 


mately by methyl epiannotinate. 


tL 


noltsarre? +2 toe Yo nody | 
leidink ah, bese cae ‘ebint 

iy SS oS eee, ylavbivezd pareaton 
Sigtw ebikodsoe wy REAR vt 

Ya piece eiiels nets Vee aie 3 
io. eine Leviupa & rake aniaktonns Me. 
suave et? sda hehe SSM radhgomnd ‘8 
soitls ne: Site oe inne fyacine asw 4 
ites? oy menz heii anaes 


| bet i) 
an a 
ao nortibhaad std ve joei Loxsuan Sew. deg nik 
ny 
Sib tde vide ey ae toisel si? BE DUT 


fosuseston rt tae: eee ae open ee os oh 


s 
eo 
sts 33 32ers fare! aaw ated ‘at pees 2 


wiavios KexrIsSes ees Par iter OE aoe 
623 oone wideewky  eereshais st huge ‘ablion: 


’ Rae 
er Sat ae 


| 


cama core ei ae Ryeentr 
tesa aan 
enw adoseair teacher, tat Be esd | 

<< ho bottee oF x80 ) 
et al at Meces a 


‘+ 


te 


114. 


o 0 § © 6 €— annotinine 


6 \\) Q \<— methyl epiannotinate 
6 8 9§ 


0 e €<— methyl annotinate 
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The reaction can be speeded up by increasing the con- 
centration of sodium methoxide. With the ratio of annoti- 
nine to sodium methoxide at 1:20, the reaction is essentially 
complete in 24 hours. 

If the reaction solution was refluxed (B.P. of methanol 
63°C) then the rate was speeded up but the product 
composition was altered with the appearance of a new 
component. .AThis could be detected by T.b.C. .as a new spot 
intermediate in R.f. value between annotinine and methyl 
epiannotinate. It was easily isolated by crystallizing 
the: reaction product) from a large volume: of ether. The 
new product crystallized out before the methyl epiannotinate 


in hard colourless rhombs. It was quickly identified as 
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annotinine hydrate (75) by its M.P. and spectroscopic 


data. 


The formation of this compound could be explained by 


attack of the ortho ester anion (75A) on the epoxide ring. 


Aqueous work up converts the ortho ester back into lactone 
Giving annotininehydrate (75). 
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With the nature of the reaction between annotinine 


and sodium methoxide thus examined we proceeded to look 
at the similar reaction with potassium methoxide. 

Treatment of annotinine with 9 equivalents of potassium 
methoxide at room temperature gave a result entirely 
analogous with that for sodium methoxide. The reaction 


proceeded via the intermediacy of methyl annotinate and 
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gradually the sole component of the reaction mixture was 
methyl epiannotinate. There was no noticeable difference 
in the reaction rates. Refluxing the solution or heating 
in a pressurized system at 80°C did not cause formation 
of ester "M". It did result however in the formation of 
annotinine hydrate (75) as also was the case with sodium 
methoxide. 

Thus at no point in the reaction between potassium 
methoxide and annotinine at room temperature in methanol 
could the formation of ester "M" be detected. 

However in the course of working up these reactions 
an observation was made which cast some light on the 
formation of ester "M". Namely, reaction mixtures whose 
sole component was methyl epiannotinate, as determined by 
T.L.C. on silica gel, on evaporation under vacuum, 
followed by hydrolysis of the residue with water often 
gave large quantities of ester "M". Thus the production 
of ester "M" occurred when the methanol was evaporated 
without neutralizing the potassium methoxide. 

The implication was clear - ester "M" is formed from 
methyl epiannotinate vita a process which occurs during 
the evaporation of the solvent in the presence of potassium 
methoxide. 

The first part of this hypothesis was easily checked 
- namely the involvement of methyl epiannotinate in the 


formationwofester,,1M". 
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Treatment of methyl epiannotinate with 9 equivalents 
of potassium methoxide in methanol followed by immediate 
evaporation under vacuum and hydrolylic work up gave a 
precipitate of ester "M". However if the above solution 
was simply diluted with a large excess of water and 
extracted with chloroform no ester "M" was formed and 
the majority of the methyl epiannotinate could be recovered. 
This important observation indicated that the formation 
of ester "M" occurred during work up of the reaction. 

Therefore methyl epiannotinate was clearly the 
precursor for ester "M". Exactly how the conversion of 
the former into the latter occured, was not clear. There 
are two possibilities; firstly, that it is a concentra- 
tion effect or secondly, that it is a heterogenous 
process which occurs in the solid state. 

Some light was cast on this question by the observa- 
tion that high water bath temperatures during rotary 
evaporation of the solvent produced better yields of 
ester "M". In fact if, after all the solvent was evaporated, 
the residue is heated in the water bath at 60°C for 
5 minutes, an optimum yield of ester "M" was obtained. 
The yields under these conditions typically fall between 
75% and 80%. 

Although this does not clearly distinguish between 
the two possible explanations mentioned above it does 


lean favourably towards the heterogenous mechanism. 
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Further evidence on this matter can be evinced as 
follows. Ester "M" has a very high melting point (M.P. 
=yzvo (dec.)) and it is’ very insoluble in all’ organic 
eo0lvyents. lt 2s Soluble im Organic acids but this ‘1S ‘a 
chemical reaction and therefore does not bear on the 
MatLer, 

All of these facts indicate that ester "M" has a 
high lattice energy. However from a thermochemical point 
of view ester "M" has a higher free energy than methyl 
epiannotinate. It has a higher enthalpy due to the strain 
incurred by the formation of the new three membered ring 
and a lower entropy due to the reduced number of degrees 
of freedom in the molecule. Both of these factors 
combine to discourage the formation of ester "M". However 
it is formed and there must be an explanation. 

One such explanation is, that in the solid state the 
formation of ester "M" is permitted due to the offsetting 
effects of the lattice energy on the free energy. This 
agrees with the observation that ester "M" is not formed 
in solution. One can approach the relative values of the 
free energy and lattice energy by comparing published 
information on other compounds. 

The strain energy of a cyclopropane ring is typically 
about 30 k.cals/mole. This value is observed in a wide 
variety of systems and therefore can be relied on. The 


lattice energy of a covalent compound is generally 
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calculated to be equal to the heat of sublimation. Because 
many compounds do not sublime there is a shortage of 
Suitable models for analysis. However the range of 
energies varies from a low of 12 kcals/mole for camphor 

to a high of 48 kcals/mole for stearamide. The difference 
here is 36 kcals, sufficient to ease the formation of a 
cyclopropane ring. In practise ester "M" compares with 
stearamide in that it is very difficult to sublime. The 
sublimation energy increases in proportion with the 


difficulty of sublimation. Of course the actual difference 


in energy between the lattice energy of methyl epiannotinate 


and ester "M" cannot be guessed at - it could concievably 
be of the order of 30 kcals/mole. The picture is com- 
. plicated by the fact that what we should, in fact, be 
measuring is the difference between the lattice energy 
of the disodium salt of methyl epiannotinate and the 
disodium salt of ester "M". Furthermore, the latter 
salt is a weaker base than the former by three orders of 
magnitude. 

All of these factors combine in the same direction 
- namely they favour the formation of ester "M". They 
have only qualitative importance - but this is adequate. 
One point not related to the above is that solid state 
reactions are rare because of slow diffusion rates. 
However this does not apply to intramolecular reactions 


and so need not be considered. 
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If one considers the mechanisms by which either 
annotinine or methyl epiannotinate can give rise to 
ester “M", it is obvious that the favoured precursor 


must be methyl epiannotinate. 
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(80) (21) 


Anion (77) shows normal resonance stabilization via 
the ester carbonyl group while the anion (79) formed 


from annotinine is anti-Bredt and therefore can receive 


no resonance stabilization. Such anions are very difficult 


to form and it is doubtful whether sodium methoxide is 
sufficiently basic for their generation. 

Further proof that annotinine is not involved in 
- the formation of ester "M" comes from the observation 
that a freshly prepared solution of annotinine and nine 
equivalents of potassium methoxide upon immediate evapora- 
tion at room temperature and treatment of the residue 
at 60°C, gives no detectable quantity of ester "M". 
Furthermore, treatment of annotinine with potassium 
tert-butoxide in tert-butanol followed by refluxing and 
evaporation of the solvent and heating of the residue 
does not give rise to ester "M". The use of potassium 
t-butoxide should prevent cleavage of the lactone function 
due to the steric hindrance encountered by such large 
molecules. However potassium t-butoxide is a stronger 


base than potassium methoxide and thus should not prevent 
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formation of the anion (79): The fact. that no ester "M" 
was observed as product means that either the anion (79) 
does not give rise to ester "M" or that it was not formed 
under the reaction conditions. Either way the possibility 
of annotinine as a direct precursor for ester "M" need 
not be considered further. 

There remained, however, one aspect of the mechanism 
for the conversion of methyl epiannotinate to ester "M", 
that was still unclear. This concerned the large effect 
that the nature of the cation had on the yield of ester 
"M". It had been observed that whereas potassium methoxide 
gave good yields of ester "M", that sodium methoxide gave 
little or none. It was decided therefore to investigate 
all the group I metals (except cesium and francium) in 
order to determine their ability to produce ester "M". 
If the observed effect was due to the differences in 
ionic radii between sodium and potassium then lithium 
should produce no ester "M" and rubidium should be equi- 
valent to potassium. Such effects have been noted for 
many different reaction types’? and when enhanced by large 
cations show the order Li’< Na’< K’< Rb 2 R,N: Accordingly, 
the preparation of ester "M" was attempted under the 
standard conditions with each of the above cations and 


the following results were obtained. 
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cation | yield soft ester iM" 
Lin 0% 
Na* <5% 
K* 81% 
Rb™ 21% 


All of these reactions were monitored by T.L.C. and 
all showed the conversion of annotinine to methyl epi- 
annotinate vita methyl annotinate. The value obtained for 
the reaction with rubidium metal is possibly incorrect 
as great difficulty was encountered in handling this 
metal. In order to remove it from the container (a vial) 
it had to be melted (M.P. 39°C) and this combined with 
its extreme reactivity resulted in some deterioration. 

Even though it was manipulated throughout in a dry nitrogen 
atmosphere it became immediately coated with a white 

layer. It is also possible that the lower yield obtained 
with rubidium as opposed to potassium is significant. 

In this case it may be that the ionic radius of rubidium 

is too large and that of sodium is too small, when compared 
to that of potassium, which may have the optimum size for 
this reaction. 

Furthermore this observation is in keeping with the 
previously described solid state mechanism for the 
preparation of ester "M". Variations in ionic radius 


woulda be reflected in. different values for the lattice 
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energy for the di-metal salt of ester "M". And if this 
lattice energy is regarded as the driving force for the 
reaction such variations should show up in the yield 
obtained. 

Of course similar effects on reaction yields due 
to ionic radius have been observed in homogenous reactions 
in various solvents. °® These effects can be explained 
on the basis of electronegativity. It was observed that 
in the case of ambident anions that more electropositive 


metals caused more o-alkylation, e.g., 


fe) : O OQ 
‘ H 
R—-X 2 He R 
Om" OR i. 


However, this does not apply to the case of ester 
iM iase Lhe anions (7/)rinvolvedt is’ notwambident .yfFurther- 
more the formation of ester "M" is clearly a heterogenous 
process. It has been observed that in the case of ambi- 
dent anions reacting under heterogenous conditions that 


C alkylation is exclusively obtained, °” e.g. 
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This is explained by the oxygen being very strongly 
bound to the cation in the crystal lattice and thus 
unable to react via o-alkylation. This is only observed 
in ambident anions and of course those which normally 
give exclusively o-alkylation. Therefore there is little 
analogy between this case and that of ester "M" formation. 

There is one final possibility that can account for 
the observed effect of the nature of the cation on the 
yield of ester "M". This arises out of the observation 
that the formation of ester "M" bears some analogy to the 
abnormal Claisen rearrangement. /° The latter reaction 
can be regarded as a [1,5] sigmatropic shift of a hydrogen. 
The formation of ester "M" corresponds loosely to a 


P75) -sigmatropic’shift*of*at+Gation: 
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The equivalency of double bonds and three membered 
rings in sigmatropic rearrangements is well known >"? There 
is no intention here to suggest that a cationotropic 
rearrangement such as that of ester "M" is indeed sigma- 
tropic. Instead however it is of interest to compare 


the stereochemical requirements of a [1,5] sigmatropic 


rearrangement and apply these to the cationotropic 
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rearrangement of ester "M", First of all, sigmatropic 
rearrangements are concerted. Thus the hydrogen lost 
from the phenolic group in the abnormal Claisen is the 
hydrogen which adds to the terminus of the double bond. 
Secondly, the locus of this particular hydrogen atom does 
not move appreciably in the process. 

If one fits these requirements to the formation of 
ester "M" some interesting analogies appear. It is only 
in the solid state that the cation is closely bound to 
oxygen anion (77). In solution the cation is rapidly 
transferred from one anion to the other. It is only in 
the solid state that the cation adopts a defined position 
with respect to the anion. This position must be one 
- which allows the cation to transfer from the oxygen of 
the epoxide anion va Powe appreciable movement. The 
distance between these two oxygens is approximately AA 
(as determined from molecular models). To occupy an 
intermediate position the cation would have to be large. 
Both potassium and rubidium with ionic diameters of 2.6 A 
and 3 A satisfy this requirement. The ionic diameters of 


fe} ° 
Trehium and seditanivare 752 GAtand 422A; 


There is of course no way that this idealized picture 


can be verified. The stereochemical tests that confirm 


the sigmatropic nature of a rearrangement cannot be 


applied to the enolate anion or the epoxide ring. However 


it is useful to make the comparison as it gives some 
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insight into the nature of the reaction. Furthermore, 
the observation that in heterogenous alkylation reactions 
the cation is strongly bound to oxygen lends some weight 
to the above possibility. It is also possible that 
although the reaction is not concerted, the metal cation 
which becomes attached to the epoxide oxygen is from a 
neighbouring enolate ion in the lattice structure. Thus 
only two cations would be involved in the rearrangement 
and of course changes in the crystal structure due to 
the nature of the cation would cause dramatic effects as 
the inter-ionic distances varied. 

Having thus dealt with the mechanistic aspects of 
the formation of ester "M" it was also of interest to 
provide some more structural information. It was felt 
that because of the unusual pentacyclic nature of ester 
"M" and the high potential energy associated with such a 
structure that ester "M" should participate in reactions 
which would cleave the cyclopropane ring. Such reactions 
could at the same time provide a chemical proof of the 
Structure, Of estcum M.  the tease wit yiwnichsthese 
reactions proceeded might also give some indication of 
the strain present in the molecule. We thus set about to 
regenerate the tetracyclic skeleton of annotinine from 
the pentacyclic skeleton of ester "M". 

One such reaction which could be used to cleave the 


cyclopropane ring was the x+eduction of cyclopropyl ketones 
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using lithium in ammonia. This reaction was pioneered 


by Norn, "er dy? t and later studied by Dauben and 


un They showed that cyclopropyl ketones are 


co-workers. 
rapidly reduced by lithium in ammonia in high yields. 
Thus thujopsene (82) is quantitatively reduced to its 


methyl derivative (83). 


What is more interesting however is that only that 
bond of the cyclopropyl ring which overlaps efficiently 


with the carbonyl group is cleaved in the reaction, e.g., 
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If this analogy is applied to the 10-ketone derivative 


of ester "M" (84) then the 7, 11 bond should be cleaved 


mm the product (85), /e<.9., 


It is obvious when one examines the models that 
only the 7, 11 and not 11, 12 bond overlaps efficiently 
with the 1m system of the carbonyl 
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Furthermore, although the reduction of cyclopropyl 
ketones proceeds efficiently when there is no special 
Stabilization of the intermediate carbanion, such a 
Carbanion would be stabilized in the Bae of ester "M" 


and the reactivity should therefore be. enhanced, e.g., 


There are two approaches to the Dreparationvot ester 
"M" with a ketone function at the 10 Position. © One ican 


modify the ester "M" molecule in such a way that one of 
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the hydroxy groups (i.e., the one at C-10) is oxidized 

while the other is either blocked or removed. Alternatively 
one can prepare an analogue of ester "M" lacking a hydroxy 
group at C-5 from a suitably deoxy precursor such as 


methyl-5-deoxy-epiannotinate (86). 


Path 1 O O 
nin of ! 
HO 3 is OCH3 
oxidation 
Hi'** —_—_____».. 
N X N X 
X=H or OR 
Path 2 
CO2CH3 O2CH3 CO>CH3 
: ¢ 
HO O 
. KOCH x oxidation 
CH30H gt hae et 


(86) 


Because path (2) allowed an interesting test to be 
made concerning the generality of the ester "M" cyclization 


reaction it was investigated first. The ability of 
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methyl-5-deoxy-epiannotinate (86) to react in an analogous 
fashion to methyl epiannotinate (82) should clearly 
demonstrate that the 5 hydroxy group is not involved in 
the formation of ester "M", However the result if nega- 
tive should provide some useful information. 

The simplest method of removing hydroxy groups is 
to eliminate them to form the olefin. The olefin can then 


be catalytically hydrogenated to give the deoxy hydrocarbon, 


@.9., 


HH 
iphgO ae sb ie 


——> 
Catalyst 


Accordingly methyl epiannotinate was treated with 
1.5 equivalents of thionyl chloride in methylene chloride 
as solvent with 3 equivalents of pyridine added. The 
solution was stirred at room temperature for 20 minutes 
by which time T.L.C. analysis on silica gel indicated 
that the reaction was complete. Work up was by means of 
dilution with saturated sodium bicarbonate solution 


followed by overnight high vacuum treatment to remove 
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pyridine which gave a new compound identified as methyl 


anhydro-epiannotinate (87). 


The P.M.R. of this compound shows a single olefinic 
Provo as a CLripiercrat' oo. 7. eine; appearance ofVonly a 
Single olefinic proton confirms that the double bond 
is indeed the A4(5) isomer. Further confirmation comes 
from the C.M.R. spectrum. This clearly indicates two 
oLerinic carbons et"'6> 136" dnd 64208" Carbon 4¥which'is 
ful ly~ substituted’ absorbs at’ '6')120.° 7fhis* compares favour=- 
ably with values Or 613736 and®s6 L2028"f0r carbons 1 and 


ors Duly ycrenexenes 


i ies 8 


Lydsom aha be ki otnehs 
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Of course the A 4(5) isomer is the expected product. 
Although both carbons 4 and 6 in (73) have hydrogen 


antiperiplanar to the hydroxy group at carbon-5 only 


. @limination across the 4,5 bond can produce a trisubstituted 


isomer. 

Treatment of (87) with hydrogen and platinum oxide 
at atmospheric pressure in ethanol as solvent was without 
effect. Similarly, 10% palladized charcoal and 5% rhodium 
on alumina was also without effect. Increasing the 
pressure of hydrogen to 40 P.S.I. and raising the tempera- 
ture of the solvent to 70°C again had no effect. “In all 
cases the starting material could be recovered intact. 
This result is not unusual. Trisubstituted double bonds 
are often difficult to hydrogenate and especially so when 
hindered which was the case here. In certain cases this 


problem can be overcome by the use of acid catalysts 
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such as perchloric acid or using acetic acid as solvent.’ 


However in’ (87) ~the* epoxide’ Is*sensitive’to acid.” For 
this reason the reaction using acetic acid as solvent 
was tried first. 

Accordinly” (87) was dissolved’ in acetic’ acid and 
hydrogenated at 40 p.s.i. using platinum oxide as catalyst. 
After 12 hours a small amount of new material was formed 
but the majority of the starting material was intact. 
MAaGLeETON Of” "drop Of perchioric acid’ to ‘the reaction 
solution resulted in a complete conversion of the starting 
material to this new compound. The conversion could also be 
achieved by treating (87) with 5% aqueous HCl. This new 
compound was isolated by a combination of sublimation 


and chromatography and identified as lactone (88). 


> 


HClO, or HCI 


N H 


(87) (88) 


The lactone (M.P. 155-158°C) showed a carbonyl 
-] -] 
absorption at 1785 cm anda hydroxy group at 3420 cm. 


The PoMoR. howed an olefinic proton ‘at 6 5.6 and a 
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lactone proton at 6 5.5. There was no carbomethoxy group 
absorption. Mass spectral measurement gave a molecular 
weight of 275. 

It was felt that the failure of the hydrogenation 
reaction to proceed, derived from the stereochemical 
difficulties of absorbing the hindered double bond of 
Wo )ecOuthe, surface of) the catalyst. \Thereftore’ the 
reaction might proceed if a less heterogenous catalyst 
was used. One solution would be the use of homogenous 
catalysts such as triphenyl phosphine rhodium chloride. /? 
However this catalyst and similar congeners are singularly 
ineffective against trisubstituted piece, | 

Nevertheless there are other reactions which involve 
addition to a double bond by homogenous processes. Two 
such examples are the addition of boranes’4 and thiols.’ 


Furthermore both addition products can be converted to 


the hydrocarbon by simple processes. 
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The addition of Bepaneeueeamea unsuitable for our 
purposes as the protolysis in the second step was likely 
to destroy the epoxide in (87). The addition of thiols 
seemed in all respects excellent, as the first step is 
a free radical process and the second step is mild. The 
other functional groups in the molecule are stable to 
Raney Nickel. 

A”’*solutidn, of (87) in benzene was saturated with 
hydrogen sulphide and a catalytic amount of azobisisobutyl 
nitrile added. The solution was refluxed for 24 hours, 
by which time no reaction had occurred. It was then 
irradiated with a low pressure mercury lamp for an 
additional 48 hours with continuous refluxing. No reaction 


occurred and the starting material was recovered intact. 
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NLR. 


(87) 


HS /ABiN / hv 
DH If 


N.R. 


We abandoned any further procedures which involved 
the double bond and instead chose to remove the hydroxy 
group by means of a derivative with good leaving group 
properties. 

Such a leaving group is the mesylate function. There 
are many methods in the literature for removing mesylate 


groups using mild reducing agents such as cyanoborohydride./°® 
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Treatment of methyl epeeinocimate (72) “With 4. o 
equivalents of mesyl chloride and 2.0 equivalents of 
pyridine in methylene chloride gave as a sole product the 
mesylate (89). This mesylate was unexpectedly stable and 


could be chromatographed on silica gel without decomposi- 


an. 
COC 
ECOL COfH, 
1.5eq MsCl 3 
2.0 eq pyridine 
CHE / R.T. q 
‘ OH N ac 
O 
(72) (89) 
ime structure of (89) was,amply confirmed by spectral 
evidence. C.M.R. showed the presence of 18 carbons, one 


of which, when compared to (84) was new. This signal 
occured at 6.38.6. Although no literature waluesfor.a 
mesylate could be found this compares favourably for values 


for euiphones 2. eg wi, 
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Similar corroboration came from P.M.R. The presence 


of a mesyl methyl group was indicated by a three proton 
Singlet at 6 3.01. Furthermore the C-5 proton appears 
at 6 4.9 as a multiplet. When compared to the value for 
the proton-int (87)-Cthis corresponds *to!'a downfield ‘shift 
of 1.1 ppm. This is in excellent agreement with similar 
shifts on going from an alcohol to an ester. 

Reduction of the mesylate according to the method 
of Hutchins, et Bt whe using sodium cyanoborohydride in 
hexamethylphosphoramide failed to take place. 


CO2CH3 


= 
= 
= 
Sl 
- 


R.T. 
e HMPA / 


(@ ene —CH,; 
i 
O 


N.R. 


+ 4eq NaCNBH3 
(28) HMPA / 75°C 


HMPA / 18-crown-6 Gs 


DME / 18-crown-6 
ST MEE ETE ea N.R. 
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The use of elevated reaction temperatures gave a 
small amount of olefin (87) but no reduction product. 
The olefin could easily be detected by the presence of 
the olefinic proton in the P.M.R. 

The observation of Durst concerning the effect of 
crown ethers on cyanoborohydride reductions prompted 
uSsetos%trysuch a procedure. /7 Durst noticed that the 
reduction of alkoxy sulphonium salts to sulphides in 


methylene chloride was catalysed by 18-crown-6, e.g., 


@) 
tl | 
Bu——S ——Bu NaCNB Bu—S—Bu-_- 22.7% 
| CH,Cly 
CH; 
NaCNBH, 
i8-Crown—6 
: CHACl, 


‘Bu—S—Bu 58% 


The crown ether catalyses the reaction by selectively 
complexing?the sodium cation. This increases the > net 
charge on the cyanoborohydride anion and thereby also 
its nucleophilicity. However this method did not aid 
reduction of (89) by cyanoborohydride in our case. 
Attempts using 0.01 equivalents and 0.1 equivalents of 
18-crown-6 were equally disappointing. The reaction 


was tried both in HMPA and DME and at room temperature 


the 
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and 70°C. In all cases no reduction was observed. This 


could only have been due to the large degree of steric 

hindrance at carbon 5 in the mesylate of methyl epiannotinate. 
To test this latter possibility another approach was 

undertaken to displace the mesyl group using one of the 


better nucleophiles - namely iodide ion. If anything 


was capable of displacing the mesyl group, this would 


surely do it. 
Treatment of 1 equivalent of methyl epiannotinate 


with a large xs of lithium iodide in acetonitrile at 
room temperature for 24 hours resulted in the production 


of a small quantity of olefin but otherwise no iodides 


could be detected. 


a LOLs COCH3 
Lil 
| CHACN 
N oH ——<C H3 3 N H 
5% 


(89) 


Refluxing the reaction solution (B.P. acetonitrile = 80°C) 


served only to increase the production of olefin. Through- 
out these experiments the reaction mixture was dark 


yellow - no doubt due to iodine by a side reaction. 


gd60 rabge Liki ae sonticnam: add: ak ua ikea 
Aw Hasetgqs eisons ere ick eeow te AS: ait s908 9 

if 2a ko SIRe quote tyvanen ah ve Legh Odvag 
eidayue BI imat abiiol vel tena - sed idgootoun: 9 

qeong Sytem ery on toe kaaab: ali 
A  ece Sak om 
stentvennbiga Lydd aga sap cor hibe £; te seme: 
pL R43 cuelipee Pk LE mablted; 40, Kx esl 
yao arid ak pettiy ROE ave #8 peak conan 
b hima) oe ‘dal bwomive tod, nttore te ier een 


eh hee 


my aK 


Pai. |. sii SE 
\ | | : a - 
a ee, MOS bens 
a » ; i 
‘y i] ; rae 7 
“is i 
ry he % i. ‘ Dy 
(4 > 3 " 
ar 4 : i" 
t . ; M4 Abs \ 
ety 
ee i 


(2206 ature indies athe | | Phan : 
AQHORNS — othhROhOn 29 coisas epnespat ‘OF waa 
alatets pene’ arg saan Passes ‘wdemnmti 9 99x8.€ 


fh 


Assuming that the iodine might be responsible for the 
production of olefin it was decided to use a modification 
developed by Corey to avoid the production of iodine. /® 
This involved the addition of mercury to the reaction 
mixture. When the reaction is carried out in the presence 
of mercury the production of olefin is essentially stopped 
but no reaction is observed. 

These experiments amply confirmed the premise that 
the C-5 position of methyl epiannotinate is extremely 
hindered. We abandoned any further attempt to remove the 
C-5 hydroxy group by means of nucleophilic displacement. 
This left quite a number of routes still open to us. 

Two of the most promising involved oxidation at C-5 toa 
ketone and removal of the ketone by any of the number of 
methods available for this purpose. Alternatively the 
hydroxy group could be blocked by a suitable reagent 
which was inert to strong base. Again there are quite a 
number of these, such as tetrahydropyranyl ethers, simple 
methyl ethers and certain silyl ethers such as t-butyl- 
dimethylsilyl ether. 

Of these two possibilities the ketone route seemed 
the most promising. Conversion of the C-5 centre from 
SP3 to SP2 symmetry should result in a flattening of the 
ring at that site. This should ease the approach of any 
attacking reagent and relieve the problems encountered 


Gue to steric hindrance. 
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Accordingly a solution of methyl epiannotinate in 
acetone was treated with Jones' Reagent (8 M aqueous) 
until the orange colour was sustained. The reaction was 
stirred for a further five minutes and then quenched with 
isopropanol. The acetone solution was decanted from the 
polymeric chromium, diluted with an excess of methylene 
chloride and washed with saturated sodium bicarbonate. 
After drying and evaporation a residue was obtained. This 
was shown by T.L.C. to be an equal mixture of two compounds. 
The infrared spectrum showed the presence of a new carbonyl 
functTonsarab710 cm? and an obvious 5 membered lactone 
carbonyl at 1780 embre The original ester carbonyl at 
1730 cm + was still present. The intensities of the 
. @ifferent carbonyl groups were unequal and fell roughly 
into the order: lactone:ester:ketone = 1:1:2. Although 
the extinction coefficient of carbonyl groups in the 
infrared vary considerably, this fact coupled with the 
information from T.L.C. indicates the following structures 


(90) candti(9l) hfionethei products: 
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(72) (90) (91) 


This result is in keeping with the known lability 
of the epoxide function in acid media. Before abandoning 
this approach it was decided to examine the effects of 
. Shortening the reaction time. It is known that certain 
oxidation reactions such as Jones' reaction have very 
fast reaction times. It was therefore possible that 
ketone» (91) ‘was produced: initially and then slowly con- 
verted*intos (90) “as thesepoxide was cleaved. | Twoefacts 
support this hypothesis. Axial alcohols are oxidized 
faster than equatorial ones using Jones' reagent’? and 
the opening of the epoxide is a slower process than 
oxidation. 

Accordingly the above reaction was repeated except 
that after 30 seconds the isopropanol was added and the 


reaction worked up as before. Examination by T.L.C. 


showed three components; namely the starting material (72) 
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and the two previous products (90) and, (992)! y°This 
prognosis was confirmed by infrared spectroscopy. 

There is a modification of the Jones' reagent developed 
by Johnson®° which is useful for the oxidation of sensitive 
substrates. This is a two phase method using an aqueous 
solution of chromic acid and a benzene solution of the 
substrate. Although the rate of migration of the substrate 
into the aqueous layer is slow, the reaction proceeds 
because of the fast rate of oxidation. Moreover the 
product is protected from the chromic acid by being 
reabsorbed into the benzene layer. This method was applied 
to methyl epiannotinate (72). Thus 1.5 equivalents of 
JOnes*= reagent was added to a solution of) (72) in benzene 
_ and stirred rapidly for ten minutes. After quenching with 
isopropanol the reaction was worked up as before. The 
residue indicated three compounds as before; starting 
Material ’¢/2)vand -thestwo ketones™(90)F*and™ (91): 

At this point we turned to those oxidation methods 
which involved neutral or basic reagents. Of all of these 
the most common and the simplest was Collins oxidation! ®+ 
However a report by Marion, et Bie indicated that the 
product of ‘such alreaction might be’ a iactam (92) " Partially 
out of curiosity and partially in the hope that this 
might not be so, we undertook to try this reaction. Treat- 
ment of methyl epiannotinate with 4 equivalents of Collins' 


reagent in methylene chloride for 30 minutes at room 
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temperature gave after typical work up a single compound. 
1 


This product showed a new carbonyl absorption at 1710 cm 
Unfortunately a prominent lactam carbonyl at 1650 cm~ was 


also much in evidence. The product,is "thus (92). 


COCHs 


Collin’s 
CH2C L/ RT. 


83 


Such a behaviour has been reported for Collins' reagent. 


At this point we decided to make use of a neutral 


oxidizing agent. Such an agent was reported by Corey in 
He treated 


297253 and promised to be of value here. 


N-chloro succinimide with one equivalent of dimethyl 


sulphiderto obtain the complex: (93). 
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The latter on mixing 


with an alcohol, followed by triethylamine gives a carbonyl 


function . 
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AN (oe 
N—-Cl + » ea Nocera sie 
HC Pen 
O 3 
0 
(93) 
O 
CL- H3C 
Neh atin ti tabs Et3N = pO 
CH; H3C 
O 


Accordingly, a solution of the complex (93) was 
prepared in toluene and cooled to -25°C using a carbon 
tetrachloride/dry ice cryostat. Then 0.3 equivalent of 
methyl epiannotinate in methylene chloride was added and 
the mixture stirred at -25°C for two hours under a nitrogen 
atmosphere. After warming up to room temperature, tri- 
ethylamine was added and the solution stirred for 20 
minutes. Dilution of this solution with methylene chloride, 
followed by treatment with saturated sodium bicarbonate 
solution and evaporation gave a residue containing a single 


component. This was identified as the elusive ketone (94). 
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(72) (94) 


Infrared spectroscopy showed a carbonyl absorption 
ace 1730 cm! and 1709 om. The C.M.R. spectrum clearly 
indicated two carbonyl carbons and showed the loss of 
absorption due to C-5 at 6 58.2 in methyl epiannotinate. 
The molecular weight was confirmed by mass spectroscopy. 
The ketone could be crystallized from ether to give 
colourless rhombs M.P. T61-162°C. 

Generally speaking there are two methods for reducing 
carbonyl groups to hydrocarbons. These are alkaline 
reduction such as Huang-Minlon and acidic reduction such 
as Clemmenson. Since the epoxide function of (84) is 
acid sensitive this effectively precludes all such acidic 
methods. Included here are those methods which involve 
acid catalysis such as dithiane preparation followed by 
Raney nickel. Thus we need only concern ourselves with 


non-acidic methods. Experience with Lycopedine’> had shown 
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that the C-5 carbonyl group is reduced only with great 
difficulty and elevated temperatures using standard 
hydrazine methods such as Wolf-Kishner or Huang-Minlon. 
What is more - these methods require the use of strong 
bases. Lately, however there have appeared a number of 
methods which involve an activated hydrazine such as 
tosylhydrazine and a metal hydride reducing agent. These 
are due to Cagliotti®® and Hutchins. °? Both methods 
involve preparation of a tosylhydrazine which is then 


reduced either by borohydride (Aa la Cagliatti) or cyano- 


borohydride (A la Hutchins). 
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BH; H- 
Koes +- NH,NH—Ts ———> yew Titi SSE 


MeOH 
or THF 


CNBH,  / 
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The use of cyanoborohydride requires the presence of 
an“acid Catalyst to! rorm*the imminium’ von.” In the absence 


of acid, cyanoborohydride lacks the nucleophilicity to 
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reduce the imine. We are thus confined to the Cagliotti 
method. 

The ketone (94) was treated with 1.3 equivalents of 
tosylhydrazine in relfuxing methanol for one hour. After 
cooling to room temperature 10 equivalents of sodium 
borohydride was added and the mixture stirred overnight. 
Hydrolysis with saturated ammonium chloride, followed by 
extraction with methylene chloride and evaporation gave 
a residue consisting of three components. The major one 
of these was the starting material (94) and the second 
seemed ito) be identical with methyl epiannotinate? (72). 
The minor component was not identified. 

The meaning of this is clear, tosylhydrazone forma- 
tion did not occur and the borohydride simply reduced the 
Ketone (84) to the alcohol) (62)-.) 1G hasbeen acknowledged 
that the tosylhydrazone formation is difficult for 


ee and refluxing overnight in absolute 


hindered ketones 
ethanol has been recommended to expedite the matter. On 
trying this method a new less polar compound could be 
detected after 24 hours, by analysis with T.L.C. on 

Silica gel. The picture was far from clear. The.new 
compound was a large diffuse spot and its appearance 
varied considerably on subsequent T.L.C. analysis. It 
also gave a positive test with 2.4 D.N.P. spray. Evapora- 


tion of the ethanol, followed by extraction of the residue 


with methylene chloride and water gave only starting 
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No trace of the new compound 


material (94) in good yield. 
This puzzling result was avoided by 


could be detected. 
Switching to a non-polar solvent such as toluene. 
CO2CH3 


CO,CH, 


1. NH)NHTs /MeOH 
+ 


Seco NSBR 
(62) 


94 


Refluxing a solution of (94) in toluene results in 
no change after 24 hours. The ketone can be recovered 
If 3 equivalents of tosylhydrazine is added and 


intact. 
refluxing is continued for a further 24 hours a new, 
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considerably more polar, compound is formed. This survives 
aqueous work up and can be purified by chromatography on 
Silica gel. 

P.M.R. spectroscopy of this compound indicates the 
incorporation of an aromatic nucleus. The aromatic proton 
and methyl group are clearly visible. What is interesting 
however is that the carbomethoxy group has gone. This is 
borne out by the infrared spectrum. This still contains 
the ketone at 1710 cm+ but the carbonyl due to the ester 


atm 7 30 @nty af (of) is absent. Furthermore, two, weak 


absorptions due to the amide group appear at 1600 cm + and 
1690 om 4 All of this is further confirmed by the mass 
Spectrum. 
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H H 
H H 
Z 
fe AE 
m/e 204 C,5H, ,NO, m/e 188 Cy 5H, ,NO 


metastable @ 172.5 es 204 + 188 


With this result no further attempt was made to 
investigate théereductionvorsthe= ketone (94). 

There remained one further possibility to achieve 
our synthetic aim. This involved blocking the hydroxyl 
function with a suitably inert group. Thus if the hydroxy 
group could not be removed, it would be rendered inactive. 
Such an approach did not seem favourable however as a 
previous experience had shown any acid catalysed reaction 
was impractical and most base catalysed reactions would 


lead to annotinine, e.g., 
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It was decided to try a number of examples of both 
sorts of reaction to see if these difficulties could be 
overcome. 

A solution of methyl epiannotinate and excess 
dihydropyran using p-toluene sulphonic acid as catalyst 
was stirred under reflux for 30 minutes. At this point 
no starting material could be detected, there being one 
new product less polar than starting material and 
corresponding to annotinine hydrate. Evaporation of the 
solvent gave a residue which contained a single alkaloid 
with an infrared absorption at 1775 om > Since this 
also corresponded with annotinine hydrate no further 
action was taken. 

Any base catalysed blocking group, if it was to be 
stable to the strong base conditions required for the 


formation of ester "M", would have to be formed under 
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non-reversible conditions. This essentially removed all 
ester type blocking groups from consideration, except 
perhaps mesitoic esters. It is doubtful if the latter 
could be inserted at the hindered C-5 of methyl epiannotinate. 
The requirement of non-reversible formation leads to the 
use of ethers, of these, there are quite a few which are 
regularly used as blocking groups. These are methyl, 
methoxy methyl, trimethylsilyl and dimethyl t-butyl silyl. 
All of these seemed suitable for the task in hand except 
perhaps trimethylsilyl which is cleaved in strong base. 
It was decided to investigate this route. 

Reaction of methyl epiannotinate with 5 equivalents 
of methyl iodide in methylene chloride using pyridine 
as catalyst gave after 24 hours at room temperature only 
starting material. No quaterization at nitrogen took 
place, which gives some indication of the steric hindrance 
at this site. Refluxing the solution for a similar 
amount of time did not change the outcome. 

Switching to a stronger base, such as sodium hydride 
in benzene, with 5 equivalents of methyl iodide present, 


gave only annotinine as product. 
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Chloromethyl methyl ether is an even better electro- 
phile than methyl iodide. It was felt that the use of 
this reagent might trap any alkoxide formed before it can 
close internally to give annotinine. Repetition of the 
above experiments using chloromethyl methyl ether instead 
of methyl iodide gave identical results. Again no 
quaternization at nitrogen could be detected. 

There remained only at this point the dimethyl 


t-butylsilyl blocking group. Corey reports this to be 


stable to basic reaction conditions and yet easily removed 


by treatment with tetra-n-butyl ammonium fluoride in tetra 


hvdnorueene.- He also described a procedure for its 


reaction with alcohols which involved imidazole in dimethyl 


formamide. This latter aspect seemed very useful in 
light of our earlier experiences with strong bases such 


as hydride. 
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Thus treatment of methyl epiannotinate with dimethyl 
t-butylsilyl chloride (1.5 equivalents) and imidazole 
(3 equivalents) in dimethylformamide at 35°C gave after 
24 hours only starting material. Heating the reaction 
mixture to 80°C for 12 hours showed only the production 
of annotinine. Beside starting material no other products 
could be detected. 

The aim of the preceeding experiments was to prepare 
a derivative of methyl epiannotinate in which the C-5 
hydroxy function had either been removed or blocked by a 
Suitably inert blocking group. The failure to achieve 
any success in this endeavour prompted us to consider 
other routes to a suitable oxidized ester "M" derivative. 

. Thus we chose to examine path (1) as referred to on 


page (132). 


CO,CH3 CO,CH, CO,CH, 
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Some work had already been done on this route by 
Valverde-Lopez?° who prepared ester "M" diacetate and 
from this the axial monoacetate by hydrolysis of the 


diacetate with dilute hydrochloric acid. 


CO.CH OCH; CO,_CH, 


AcO, He . 
H N Ac N Ac 
[CH3CO],0 . HCl 5 
pyr 


This procedure takes advantage of the highly hindered 
nature of C-5 position of the annotinine nucleus. However 
the yield of both these reactions is poor and keeping in 
mind the limited quantities of ester "M" we had by this 
time, we considered the improvement of these procedures. 

In the formation of the diacetate and its subsequent 
hydrolysis to the monoacetate the reaction rate is slow 
and the long reaction times required cause serious decompos- 
ition and formation of biproducts. Thus purification by 
column chromatography is required after each step. 

If the acetic anhydride were replaced by a higher 
energy compound the reaction rate would be speeded up. 


Furthermore if this reagent had a bulky nature it might 


MN hip a, & Cie AO Ath ya 
| Ky, B | Rie ue nt ait 
vd omen gad no aneB a basi " 0a pe 
a y Hi, 


bag, c4ndammgh He" sqJn0, f ae 
oft 29 etagtorbys ve niece re Bat § 
ptoe sancnosha at ig: od we 


evar ie ‘4 
okt ‘plteed ost 20 sonanevbe eateh sapbeonisg, +t 
‘evewoR .miova erinizesias od4 te Hols teod. ant a 
ah pated Bae 200g) Be ‘aapisoiier sxout doa to bts 


i if , 


mo vi Bad oe "4" sees he soldisnaup’ padimes ‘sare T 


ey Le 


al 


ial arte greta to dnemaergme auld bexobi Bins ow “ sit 
‘omega dye: eth bre statanehp ed? Re way leita Fhe oo Me 
ole sh, a2e2 pakannes ald ataseosorom at? ode _ “i 
“RotghODetl miro k tee oman pextapes ‘ea nok eoden” wool a ; 
yd aot sackthh ell -sioubasaed 20, eotiseroS fy 
ase thot 199tn boxiwpns a! viiconeeiae nie 

“ailpla & yt bean iqua oxet shiabyins yoiseon sit at 


an tebeeds sd bhawov seniceutaooes ed. aaron ae 


7 
ha 


162. 


increase the free energy differences between the two 
possible mono derivatives. 

These requirements led us to consider trifluoroacetic 
anhydride and trichloroacetyl chloride. 

The reaction of ester "M" and excess trifluoroacetic 
anhydride and pyridine is nearly instantaneous. At room 
temperature the ester "M" dissolves within 2 or 3 minutes. 
The reaction mixture is left overnight and then diluted 
with methanol. This solution is then passed through a 
weak acid ion-exchange resin (Ht form) that has been 
thoroughly flushed with anhydrous methanol. After evapora- 
tion the residue is treated under high vacuum to remove 
traces of pyridine. The product is ester "M" 5 -monotri- 


fluoroacetate (96). 


O2C H3 O2CH3 


1. (CF3CO),0/ pyr 
SIR 


2. MeOH /resin 
N OH N OCOCF, 


It can be assumed that the ditrifluoroacetate is 


produced and is converted to the mono derivative during 
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work up. (96) is a sensitive compound and is gradually 
hydrolysed by moisture. On treatment of (96) with diluted 
NaHCO, ester "M" is produced almost immediately and 


precipitates out. 


CO2CH3 Ber: 
H 4 
NaHCO3/H20 
N COCF3 N OH 


The beauty of this procedure is that ester "M" can 
be converted to the required mono derivative in 5 minutes 
and in good yield and excellent purity. No chromatography 
is required. The monotrifluoroacetate was considered to 
be to sensitive to moisture, however, and we decided to 
investigate the monotrichloro acetate derivative instead. 

The reaction of x.s. trichloroacetylchloride with 
ester "M" and pyridine is quite different from the 
preceeding one with trifluoroacetic anhydride. 

At room temperature the ester "M" dissolves within 
30 minutes: “If the reaction is stopped by pouring in a 
large x.s. of aqueous NaHCO, solution the product obtained 


by extraction with methylene chloride and evaporation is 
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the equatorial monotrichloroacetate (77). 


Gt 
€O2CH; CO2CH; 
HQ. 1. CCl3 COCI/pyr 


30 min / R.T. 
Tt RR 
H 2. NaHCO 3/H20 


If on the other hand the reaction is allowed to 
proceed overnight, followed by similar work up, the product 


is, thendituichioroacetates (98) . 


Cl, 


CO2CH, 


H 1.CCI5COCI 
Pyr/8hr/ RT. 


2. NaHCO3 
N H HO 


The ditrichloroacetate can be converted to the axial 
monotrichloroacetate (99) by vigourously stirring a 
methylene chloride solution of the former with aqueous 


NaHCO, overnight. 
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N COCCI; 


(99) 


The structures of all of these compounds were corrobor- 
ated by a combination of various spectral properties. 

The monotrifluoroacetate (96) was) identified, by its 
mass spectrum. It gave a clear parent peak at m/e 403 


(C NF). It also showed a peak at m/e 344 correspond- 


197% 2495 
ing to loss of the carbomethoxy group. This type of 
cleavage rather than the loss of the bridgehead cyclo- 
butane ring is indicative of ester "M" derivatives. The 
infrared spectrum indicated a hydroxy group at 3590 enilen 

a trifluoroacetoxy group at 1785 em + and a cyclopropyl 
ester group at 1720 omen. The P.M.R. spectrum indicated 

a single broad multiplet at § 5.0 which has been indentified 
as the C-5 methine proton in various ester "M" derivatives. 
The equatorial trichloroacetate (97) was identified 


by-its-P.M.R. spectrum which showed a)sharp sextet centered 


at 6 4.9 corresponding to the methine proton at C-10. 
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The infrared spectrum showed a small sharp hydroxy peak 
at 3600 cmt, a trichloroacetoxy peak at 1765 em? and a 
carbomethoxy peak at 1715 cmt, Although no great 
diagnostic value can be put on Sax. values in the infrared 
it is useful to note that the acetoxy and carbomethoxy 
groups were roughly of equal intensity. A detailed ene 
M.R. spectrum also agreed with this structure, in that 
the C-10 doublet has been shifted downfield 11 ppm from 
that of ester "M". 

the }ditpichboroacetate) (98) showed jin sitseininared 
spectrum no hydroxy peaks, but instead the trichloro- 


was double the intensity of 


the carbomethoxy peak at 1720 cm +, The P.M.R. spectrum 


acetoxy peak at 1765 cm. 


«showed a broad singlet at 6 5.15 and a sextet at 6 4.8. 
These correspond respectively to the C-5 and C-10 methine 
protons. 

The axial monotrichloroacetate (99) gave a mass 
spectrum with a parent peak at m/e 451 (Cj gH> 4O5NC13) - 
It showed a din eter atic peak at P+2 of equal intensity 
to the parent peak. This was indicative of the three 
chlorine atoms. As with other ester "M" derivaties the 
Main fragmentation pattern involved loss of 59 m.u. due 
to the carbomethoxy group. The infrared spectrum showed 


1 


a broad hydroxy group at 3300 cm (CHC1, solution) and 


two carbonyls of equal intensity at 1768 cm? (CC1,CO— ) 


1 


and 1725 cm. (—CO,Me). The P.M.R. showed a single broad 
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peak at 6 5.15 due to the C-5 methine. 

Oxidation,of the axial *trichloroacetate (99) was 
attempted using Corey's method involving the N-chlorosuc- 
cinimide/dimethyl sulphide complex. The starting material 
was consumed in the course of the reaction but no identi- 
fiable products could be obtained. Extensive decomposition 
was observed. Various combinations of lower temperatures 
and shorter reaction times were tried but the only effect 
was to produce more remaining starting material. If the 
desired ketone is being produced it is being oxidized 


further even faster than it is being produced. 


1. NCS-DMS /-25°C 
2. Et3N if RT. 
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Similar results were obtained using Jones' reagent 
and modified two phase Jones! reagent. 

On the off chance that the trichloroacetate function 
could be involved in this setback it was decided to repeat 
the reaction using the equatorial monotrichloroacetate 
as starting material. Oxidation of the latter with Corey's 
reagent proceeded smoothly and gave the ketone (100) in 


good yield and purity. 


| CO2CH 
COCCI; : 


1. NCS-DMS/tol /-25°C 
2. Et3N /R.T. 
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This clearly rules out any interference by the tri- 
chloroacetyl function in the oxidation of the axial 
monotrichloroacetate. 

The structure of the ketone (100) was clearly 
indicated by spectral evidence. The Coa M ORY spectrum 
shows a carbonyl carbon at 210.5 ppm. The band at 70 
ppm which is characteristic of this carbon in the parent 
monotrichloroacetyl compound (97) “rs, absent. \.The anftra- 
red shows an additional carbonyl when compared to the 
monotrichloro compound (97) at 1710 one This carbonyl 
appears as a shoulder on the carbonyl at 1725 em? > (CO,Me) . 
The mass spectrum has a parent peak at m/e 449 (Cy gH5995- 
NC1,) with a peak of equal intensity at m/e 451 (P + 2) 

. Gue to the three chlorine atoms. Interestingly enough 
the main fragmentation route for this molecule is loss 
of methyl to give a large m/e 434 peak. 

This ester,-(100),;could; be) hydrolysed,to; the hydroxy 
ketone (101) by vigourously stirring a mixture of (100) in 
CHCl, 3 


The hydroxy ketone is recovered as the sole product. 


and a solution of saturated agueous NaHCO, overnight. 
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oO, HO 


(100) (101) 


Spectral evidence for this new compound (101) is as 
follows. The infrared shows only one carbonyl region at 
1710 em > (broad). The previous band at 1765 cm due 
. to the trichloroacetyl function has disappeared. The 
Co euek. spectrum shows at C-10 the characteristic up- 
field shift’ of 8:8 ppm, compared*to (100), observed when 
an ester is hydrolysed to an alcohol. A similar shift 
is observed in the P.M.R. spectrum for the triplet due to 
the methine proton at C-10. Addition of trichloroacetyl- 
isocyanate to the N.M.R. tube reversed this observation. 
The mass spectrum confirms the molecular formula Cj} 7H53N0,- 
The base peak corresponds to the loss-of a methyl group 
(confirmed by exact mass measurements). This fragmenta- 
tion was also observed for the ester (100). As no such 


fragmentation was observed in the ketone derived from 


methyl epiannotinate (94), it seems that loss of a methy! 
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group to form the base peak is indicative of the ester "M" 
structure in such ketones as (100) and (101). 

The failure of the axial monotrichloroacetate (99) 
to give the desired ketone (99A) led us to consider other 
possibilities. The ketone had been desired so that the 
nature of the cyclopropane ring could be established by 
reducing it with lithium in ammonia. It occurred to us 
at this point that perhaps the cyclopropane ring could be 
reduced without the presence of the ketone. As the latter 
serves as an electron sink it is also possible that the 


ester function at C-7 could serve the same purpose, e.g., 


o- 
O,CH3 H \ OCH3 


Furthermore the stereoelectronic control observed in 
similar reductions of cyclopropyl ketones (70) should 
still apply, as the rotation of this ester is severely 
restricted by the cyclobutane ring. “Of? the’ possible®con- 
formations the most favourable is one in which the carbonyl 


function and the C7-9 bond lie in the same plane. 
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This conformation exactly satisfies the orthogonality 


requirements established by earlier workers.°+ 


Therefore it seemed reasonable that reaction of 
ester "M" or a derivative thereof with lithium in ammonia 
should reduce the cyclopropane ring preferably across 
Enesc?—9 pond. 

Since ester "M" itself is extremely insoluble in 
most solvents there seemed little point in trying out the 
experiment on it. Instead the hydroxy ketone (101) was 
used instead. It was on hand from the previous series 
of experiments and it was quite soluble in T.H.F. 


Accordingly a solution of lithium in freshly distilled 
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(over sodium) ammonia was prepared and a T.H.F. solution 

of the hydroxy ketone (101) added. This ammonia solution 
was let reflux for 30 minutes and then the reaction was 
stopped by adding a large excess of ammonium chloride. 

The ammonia was evaporated and the residue taken up ina 
mixture of ether and water. The ether layer, (after 
washing and drying) gave, upon concentration, a residue 
consisting of two compounds. These were identified by 
ENeGir mass spectra as the hydroxy ketone (102) and the 

diol (103). In particular both compounds showed fragmenta- 


tion patterns analogous to methyl epiannotinate (72). 
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CO2CH3 CO2CH3 
H HO 
| N O H 
CH NO.) 44%) 
L725. a C,7H57NO, (3%) 
-42 aerz. 
(702) (103) 
CO2CH3 CO2CH3 
HO, HO 
+. 
N O H 
Ci 4H 9NO, {73%) Cy 4H5 NO, (9%) 
a0 oo 
H HO 
+3 +° : 
N = N OH 
eae NOx. ACL OG es) 
foo 2 C1 5H) ,NO, (878) 
~18 
H 
+°¢ 
N 
Co HONG. © (74) 
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The fact that the characteristic loss of 59 observed in 
all ester "M" derivatives is notably absent in both of 
these compounds is proof that the cyclopropane ring has 
been cleaved. Moreover the distinctive loss of a methyl 
Group *Observed <inthe-ester= "Mm Ketohnes (100) and ’(i0t) 
teractimnicrely absent in“{l0v7 le woutasseem thatthe 
loss of 42 from the parent peak is characteristic of the 
abscence of the cyclopropane. The lone pair on the 
nitrogen should ionize preferentially and this ion should 
result in the loss of cyclobutane ring. However in 
ester "M" derivatives the presence of the cyclopropane 


12 18 


ring prevents the formation of the A double bond. 


CO2CH3 O2CH3 


+. 
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The coplanarity of carbons 7, 12 and 8 required for the 


ar2ri3 


double bond is prevented by the cyclopropane ring. 
Attempts to separate the mixture of (102) and (103) 

were unsuccessful due to the small quantities available. 
The reduction was repeated using a large excess of 

lithium and with the addition of t-butanol as a proton 


donor.’ 


After work up, the product was found to be a 
single compound which was identified as the diol (103). 
The infrared spectrum of .'({103)..shows the presence of two 
hydroxy groups at 3400 cm + and 3510 on The ester 
carbonyl is found at 1735 cm, This value is clear 
evidence that the cyclopropane ring has been reduced. 

In all ester "M" derivatives examined the value for this 
. ester carbonyl was about 1718 cm -. The P.M.R. spectrum 
GE=(103) “shows aStwo’proton multiplet atmot3sv9. “Addition 
of trichloroacetyl isocyanate to the N.M.R. tube results 
in@the™shiftingeof this *multiplet*toud Se2¢4* Thus it®éan 
be stated that compound (103) has the structure indicated 
and this is further proof that the structure shown for 
estéero"M®™ (72) “lsSalso*correct: 

Futher evidence for the structure of ester "M" comes 
from the study of the carbon-13 magnetic resonance 
spectra of the derivatives made in the course of this 
investigation. The assignment of the various resonances 
was facilitated by work already accomplished in this 


group on the lycopodine series of alkaloids.?° Thus 
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the assignment of the resonances due to carbons 1, 2, 3, 
4, 5, 9 and 13 was based on those observed in lycopodine 


(70) or dihydrolycopodine (104). 


The assignment of the resonances due to carbons5, 6, 10 
-and 11 was easily achieved using the shifts effected at 
these sites by various chemical transformations at C-5 

and 10. Carbon-16 was easily assigned as the only high 
field methyl group. The resonance due to carbon-7 was 
determined by its diminution after exchanging the hydrogen 
at that position with deuterium. This left only carbons 
14 and 15 and these were assigned as the only remaining 
resonances. By this means the following values were 
determined for the various carbons in several annotinine 


derivatives. 
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80.4 


Aha gh 
34.2 
G9sL 
34.6 
J70 
16d fies Ya 
47.5 
21.6 
51.6 
41.7 
Wak 
S257 
33E'2 
16.2 


51.6 


C-10 and C-1ll may be reversed. 


C-2 and C-3 may be reversed. 


insufficient quantities available for detailed 


off resonance studies. 
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Cy oa 
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58.6 
35.8 
30.8 
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80.5 
30.8 
38.6 
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47.5 
51.94 
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16.2 
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The carbon-13 Magnetic resonance spectra of five 
ester "M" derivatives were then measured. The assignments 
of the various resonances were carried out-in a similar 
fashion as for the annotinine derivatives. Thus carbons 
1, 2, 3,.4, 5, 9 and 13 were assigned on the basis of 
the lycopodine and annotinine values. Carbon-7 was 
assigned to a new high-field singlet not observed in 
either annotinine or lycopodine. This singlet was con- 
firmed by modulated off-resonance experiments. Carbons 
5, 6, 10 and 11 were assigned on the basis of the shifts 
observed on changing the functionalization at carbons-5 
and 10. Thus the following values were observed for the 


resonances in question. 


CCk 
CO2CH3 == CONCH CO2CH3 
HO HO 
N On N OH 
Cly 
O 
(73) (97) (99) 
CCl3 
wn CO»CH3 CO2CH3 
HO 
N O N O 


(100) (101) 


gnod yes “oat inv htavired: eu bitvorinn aut? thee rt 


“y 
ags 20> beveeado atew sontay pniwol lor ott aud? Mea 


.itoka £6 2 308 BRt26o em fi aponandees td a a, 


to elead ats oo Denpieas etow ef bas 2. ae yh aa a 


~— 


wvew T“sodteo .eeelev enigisouns ENS. eal news Lm 


yaad tort Salpate hialt enetid, vee 6 os 


Te 


-—107 gbw dalonia ei » O02 oqo ys 19 sadkisonset 


on 
: 


11Oodzs) ~etae sivequs sommes eee 2IO he tacobom. yds 


-stiwe Sid to ehesd/ edd oo Sénphews Sxgw ED) ae 08 ad 
rh, mee 
natissi feanok cones s pistonats BO ut vow 


vi. Can 4a 


Cs 
3 
2 
e. 
+f 
mo 
« 


baaus ai esc: 


eae EN! ‘0 dy teen 


181. 


(73) (99)> (97) (100) (101) 
carbons 

1 47.8 48.4 46.9 -46.1 48.5 

2 TS 0° 212 FP i 20.5 19.6 

3 21 5° 20.4 299" 18.3 18.8 

4 38.6 3722 40.2 49.6 49.7 

5 68.5 76.2 68.8 210.5 209.2 
gers 29.2 a5? 30.1 35.3 34.6 

7 2803 ry, 269 28.9 29.2 

8 173.4 7 Ort 173.3 ily (apg: 172 <6 

9 49.5 50.8 47.5 52.5 53.6 

10 59.6 58.8 1002 69.9 64.0 
11 32.4 31.9 28.9 33.9 37.0 
12 37.5 3702 38.8 39.7 38.3 
13 6123 60.4 55.7 63.6 58.5 
14 34.0 33.7 36.0 a lay 32.6 
15 28.5 28.5 28.4 28.9 29.9 
16 16.9 16.2 16.8 16.7 18.6 
17 52.5 50.8 52.2 52.5 52.2 

coccl, 161.6 161.6 161.6 


a. C-2 and C-3 may be reversed. 
b. insufficient quantities available for detailed 


off-resonance studies. 


nie LON Ld a a a ne a 

| we ue tes ae) VON 
‘ep. ess Ateers lata 
Lg a ae ca] ea 

oe ee ee haha ate bith 
S208) 5 ‘Be gg coh OR hice t ted 

eas Peek Laue aE 

ay Oe "Setde) i SaRa cer aE. a. 

8,055 ‘488 ‘Redt ae hi 

£,2¢ oy c.28 cn ee 

“8.85 GCS boe itu RaSh eae ye 


i a 
ee ATs .80L Son ae ei 


BSB) Soy eee OO a oi a a 
ge be Ot hsBe arte 


Wk Ee e “38 ” @, tf ' by SE 
t. Ge gee |) RANE eee 


oi Me A | os 
‘2 Re oS OR LE Ee : 2.SE° 2 a 


of 


Pen Ly, ne 
r as i - 
llega ah vimana 


pan ie ; sBasavon od ‘yom Exo Cae 


belindad: sae std cia, pelsisasup sop tnd 


me. 


sina 


Thus by comparing the values for C-7 in the annotinine 
series and the ester "M" series it can be seen that C-7 
experiences an upfield shift from an average value of 
40.4 in the annotinine series to an average value of 28.4 
in the ester "M" series. If one ignores the value for 
annotinine hydrate (75) the average value for C-11 in 
the annotinine series is 51.6. In the ester "M" series 
the average value..ffor C-ll is 32.8. The change at C-7 
2Serzepom anda at C-lil/ it as 18.8iippm. . Mhe value for the 
upfield shift at C-7 is smaller because this carbon is 
changing from a tertiary to a quaternary center. 

The average value for C-12 in the annotinine series 
is 42.6 whereas in the ester "M" series the average 
value for C-12 becomes 32.3. This represents an upfield 
shift of about 12 ppm. Since carbon-12 is fairly remote 
from any changes in functionalization this upfield shift 
must be mainly due to the presence of the cyclopropane 
ring. There can be no doubt about the values of the 
resonance observed for C-12 as it is a singlet and 
easily distinguished strom’ C-13° or C-7. 

Tt is difficult to account for ‘these strong upfield 
shifts without invoking the presence of a cyclopropane 
Hing. “inypakcicular the waptield-shitt observed, for C-7 
is directly contrary to the shift expected on going from 
a tertiary center to a quaternary center. Thus for 


example, C-10 in cycloartenol compounds?” (105) occurs 
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at 26.0 whereas in most tetracyclic or pentacyclic 


triterpenes; exg.:; g-amyrin?> (106) it occurs at about 
BP*.0< 
Sahay, 
HO ree 


w 


(105) (106) 


Here the upfield shift on becoming part of a cyclopropane 

ring ws ae ppm. Similarly the observed upfield shift 

fon C-o{onegoing -ivomy(106) to (105) as 27 ppm. 
Inneonclusion)itecan, be said ,that,theycarbon-13 

magnetic resonance spectra of ester "M" derivatives are 

in keeping with the presence of a cyclopropane ring 


about carbons-7, ll and 12. 


=a 


o kdoypedtneg x0 oi gene 
usd deoddeese at TOR) Payee 


mt | 
aS Tcioe 
a \ . ie 


rise 


nAToTge loo ie) fo 2369 neil locaed no dRprte bt 
‘titde bled te: bevasedo: ort ¥ine Lemke 
aoe NS OEY a (DOLD mead pniop a 
Ek~nddeno alt Jett) bise -on HBS) oP, No bey seed 


o16 aoork cowie YM! rosa i assent 2O 08 ro : 7 


cs o ist bas, 8 ¢ ‘ 
‘de a ie ‘ee in anit 


i = Ne re My A hy “i an - wall 
5 e+ On VM t i i i ft, Ms oat 1S ; | 
\ . aay aie Hi ™ ot ; : 
- \ me eae 
Pee, FF ‘ 7 Sue 7 ee 
Gi vw ho ray ' +O i u 
i} : : - ' r 4 
le 
: ¥ 7 
7 i ; # 
a esti 
donc ree a bf 
iit eye ; ie ; 
” : bh ale " a : a (iPaeads 
Ty : - | ° aaa of 
oe vue 
' ; ar 


EXPERIMENTAL 

Melting points were determined on a Fischer-Johns 
hot stage melting point apparatus and are uncorrected. 

Infrared spectra were recorded on a Perkin-Elmer 
Model 421 dual grating infrared spectrophotometer. 

Proton magnetic spectra were measured uSing a Varian 
Associates Model HR-100 pe ped te. 13 with tetramethyl- 
silane as standard. 

C.M.R. spectra were measured at 22.63 MHz in the 
Fourier mode using a Bruker HFX-90 spectrometer in 
conjunction with a Nicolet-1085, 20K computer. 

Mass spectra were recorded on an A.E.I. Model MS-50 
or MS-9 mass spectrometer. O.R.D. and C.D. were determined 
Omtea JASCO O-R.D./7C.D.;, So-z20-2 (modrtred)". 

U.V. spectra were recorded on a Cary Model 15 U.V. 
and visible spectrometer. 

Thin layer chromatography was performed using Merck 


Silica Gel G (Type 60) with 1% General Electric P-1l 


Electronic Phosphor added. 


Isolation of annotinine from Lycopodtum annottnum. 


Lycopodtum annottnum plants were collected near 
Medicine Lake in Jasper National Park. The plants were 
air dried for 10 days and then milled to yield a fine 
powder (15 kgms approximately). This powder was extracted 


with methanol using a large Soxholet apparatus. The 
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methanol extract was concentrated tin vacuo to yield a 
dark green sludge. This sludge was stirred overnight 
with 5% HCl and the resulting liquid decanted. This 
procedure was repeated twice. The combined acidic extracts 
were then continously extracted with chloroform for 2 
days to remove fats and other neutral materials. 

The resulting aqueous acidic layer was then basified 
with concentrated ammonium hydroxide while cooling was 
maintained with ice. This aqueous solution was again 
continuously extracted with chloroform for 2 days. 
Evaporation of the chloroform tn vacuo yielded a dark 
brown powder. The powder was dissolved in the minimum 
amount of boiling ethanol. The latter upon cooling 
_ deposited crystals of annotinine (700 mgms). A further 
quantity (150 mgms) could be obtained by chromatography 
on alumina of the residue resulting from concentration 


of the mother liquor. 
Mer. 226-9 Cc. (14€. 232°C). 
Treatment of annotinine (71) with sodium methoxide 


Freshly cut sodium (20 mgms, 0.9 mmoles) was dissolved 
in 50 mls of dry methanol (dried by distillation from 
Magnesium). After cooling to room temperature annotinine 
(30 mgms, 0.1 mmoles) was added and the mixture stirred 
continuously at room temperature. Aliquots of 1 ml were 


withdrawn at intervals and neutralized by addition of 
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weak acid ion exchange resin (Amberlite IRC-50). The 
resulting methanolic solution was decanted from the 
resin and analysed by T.L.C. on silica gel. In this 
fashion the gradual transformation of annotinine into 
methyl epiannotinate (72) was monitored. The tranforma- 
tion was complete in 120 hrs. The reaction mixture was 
concentrated to dryness in vacuo. The residue was 
dissolved in a mixture of water (10 mls) and chloroform 
(25 mls). The organic layer was collected and the aqueous 
layer extracted twice with chloroform (25 mls). The 
chloroform extracts were combined and dried with MgSO, - 
Upon concentration tn vacuo they yielded crude methyl 
epiannotinate \(72).) .The-latter was»purified to give 


pure methyl epiannotinate (72) (22 mgms, 70%). 
M.P. 160-1°C. 


Treatment of annotinine with sodium methoxide at high 


temperatures 


If the previous sequence for the preparation of methyl 


epiannotinate was repeated, with the added factor that 
the reaction solution was refluxed, then the annotinine 
is consumed faster and upon work up the product is a 
mixture of two compounds. These can be separated by 
differential crystallization from ether, whereupon anno- 


tinine:thydrate (75) is obtained in hard, clear, rhombs. 
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M.P. 230-2°C (9 mgms, 30%). Concentration of the ether 
mother liquor itn vacuo, and dissolution of the residue 
in methanol gave upon crystallization, methyl epiannotinate 


(72) (12 mgms, 38%). 


Preparation of ester "M" (73) 


Freshly cut potassium (31 mgms, 0.8 mmoles) was 
dissolved in dry methanol (30 mls). When the solution 
had cooled to room temperature annotinine (28 mgms, 0.09 
mmoles) was added. The mixture was stirred at room 
temperature for 150 hours. Analysis by T.L.C. at this 
point indicated the annotinine had been completely con- 
verted to methyl epiannotinate. The solution was concen- 
trated tn vacuo for 30 min. Upon cooling, the residue 
was treated with water (20 mls) whereupon a white 
precipitate formed. This was collected by filtration, 
washed with water and methanol and dried tn vacuo to give 


ester "M™ (73) (21.3 mgms, LOS) 2o PME Eee SC , 


69230562586 2(6H)e, 16 265-—2 130.4 (3i)s, od7i2 20-33 GOON); 


S019 eG MBH, CH (CH2)) : 


1 1 


T.R. (nujol): 3370 cm, (s,; — OH), 1719 cm ~~ (s, —CO,Me). 


Mass spectrum: 307 (M*, C1 7H25NO0,, 21S) 706248 (CC) -H2 ONO 


Taiz ae 2 


100%), 166 (22%). 
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188. 
Preparation of ester "M" (73) from methyl epiannotinate (72) 


Repetition of the previous sequence with the 
substitution of methyl epiannotinate (72) (29 mgms, 0.09 
mmoles) for annotinine, followed by immediate work up 


using the same procedure gave ester "M" (20.8 mgms, 713%). 


Preparation of ester "M" (73) from annotinine and rubidium 


methoxide 


The following procedure was performed in a glove box. 
Rubidium metal (634 mgms, 7.42 mmoles) was melted and 
poured into a flask containing dry methanol (30 mls, 
dried by distillation from magnesium). A violent reaction 
ensued. When the mecuaaonte solution had cooled to room 
' temperature annotinine (71) (250 mgms, 0.81 mmoles) was 
added and the reaction mixture stirred at room temperature 
for 72 hrs; At this: point T.L.C. analysis indicated 
complete conversion to methyl epiannotinate (72). The 
reaction solution was concentrated tn vacuo and the 
residue heated at 60°C for 30 mins. tn vacuo. Upon cooling, 
the residue was treated with water (20 mls), whereupon a 
white precipitate formed. This was collected by filtra- 
tion, washed with water and methanol and dried tn vacuo 


tomive ester, "M™ (73). Yield 75emoms: (29%). 
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189. 
Preparation of methyl anhydroepiannotinate (87) 


To a solution of methyl epiannotinate (72) (36 mgms, 
0.11 mmoles) in methylene chloride (30 mls) was added 
pyridine (26 mgms, 0.33 mmoles) and thionyl chloride 
(20 mgms, 12.25 ul, 0.165 mmoles). The mixture was 
stirred at room temperature for 4 hours. Analysis by 
T.L.C. on silica gel indicated complete conversion of 
the starting material into a new, less polar compound. 
The reaction mixture was washed with saturated NaHCO, 
solution and water and dried over MgSO, - Concentration 
of the organic phase itn vacuo followed by treatment of 
the residue under high vacuum overnight to remove traces 
of pyridine gave a residue which was identified as the 
desired product, methyl anhydroepiannotinate (87). 


Yield 28.7 mgms (86%). 
Rebs ((CHC1. is) 2737 eri (s, CO,Me). 


P.M.R. (CDC1 3): O66) (mm; 0L HE CHC 5)%) 56M S O71 hls, 


3H, CcO5— CH.) , 6 4.0-1.3 (m, 16H) , 6 03 (d, oH, CH— CH3) e 


Mass spectrum: 289 (M’, 25%), 202 (C,H, ,NO, 24%), 188 


(C NGO7 i 100'2)) 7) LOU (C NO; 50S 2e58e (384)5. 132 


12% 14 10% 10 


(C Hy Ne 20%) 7 230% (22% )-. 
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190. 


Attempted hydrogenation of methyl anhydroepiannotinate _ (87) 


Platinum oxide (5 mgms) was added to a solution of 
methyl anhydroepiannotinate (87) (10 mgms, 0.034 mmoles) 
in methanol (25 mls). The mixture was treated with hydrogen 
at 40 p.s.i. and 70°C with continuous shaking on a Parr 
Hydrogenation apparatus for 4 days. Examination of the 
reaction mixture at this point indicated only the presence 
of the starting material. The latter was recovered by 
filtration to remove the platinum black and concentration 


of the filtrate tn vacuo to give the starting material. 


Attempted hydrogenation of methyl anhydroepiannotinate 


(ev) in acetic acid 


A mixture of methyl anhydroepiannotinate (87) 
(10 mgms, 0.034 mmoles) and platinum oxide (5 mgms) in 
acetic acid (20 mls) was treated with hydrogen at 40 p.s.i. 
and continuous shaking for 2 days. Examination of the 
reaction mixture by T.L.C. on silica gel indicated the 
presence of a new compound in addition to the starting 
Material. The hydrogenation was continued after 1 drop 
of perchloric acid was added. Within 1 day the reaction 
mixture consisted solely of the new compound. This was 
recovered by filtration and concentration of.the filtrate 
tn vacuo. Yield 7.6 mgms (80%). This compound has a 
remarkable tendency to sublime; even at room temperature 


it slowly creeps up the side of a vial. This enables 
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191. 
it to be purified with ease. M.P. 155-158°C. 


I.R. (CHC1,, 0.5 mms): 3450 ens t+ 8 (broad, .Onye1785 emit 


(strong, five-membered lactone). 


PLM. RR. (CDC1 3): OF Sco OG le CH=C, J = 5.8), 5 4.1 
(m, 3H, CH— OH, Ch=0— CO), fe) SeoSLee (m, 14H), 6 ek 


Mass spectrum: 275 (M’, 90%), 232 (10%), 204 (60%), 189 


(803), 172 (100%). 


Attempted reaction of methyl anhydroepiannotinate (87) 


and hydrogen sulphide 


A solution of methyl anhydroepiannotinate (87) 
(5 mgms, 0.017 mmoles) and azobisisobutyl nitrile (1 mgm) 
in benzene (20 mls) was saturated with hydrogen sulphide 
gas at room temperature. This solution was refluxed for 
24 hrs. using a rubber balloon to retain the hydrogen 
sulphide. At this point, analysis by T.L.C. indicated 
no compounds other than starting materials in the reaction 
mixture. The reaction flask (pyrex) was then irradiated 
with a 140 W. Hanovia low pressure mercury U.V. lamp and 
refluxed for 48 hours. Analysis by T.L.C. again indicated 
that no reaction had occured. The starting material was 
recovered intact by chromatographic separation of the 


azobisisobutylnitrile on silica gel. 
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Preparation of the mesylate (89) 


Mesyl chloride (12.0 mgms, 8.6 ul, 0.11 mmoles) was 
added to a solution of methyl anhydroepiannotinate (87) 
(23 mgms, 0.071 mmoles) and pyridine (11 mgms, 0.14 mmoles) 
in dry methylene chloride (30 mls). The solution was 
stirred at room temperature for 4 hours and then mixed 
with 50 mls of ice cold saturated NaHCO, solution.) ‘The 
organic layer was removed and the aqueous phase extracted 
twice more with methylene chloride. The combined organic 
phases were dried over MgSO, and concentrated tin vacuo 


fo give the mesylate (89) as a pale yellow 011. Yield 


z22,mgms (80%). 


' BoM.R, (CDC1,): 6:40:90, (mp alH agCH—OMes) 613 .708(snr3H, 


2 
GH=GH4)). 


Mass spectrum: chemical ionization with ammonia; 386 (Mtl, 


SLS id. 20.0682) 412308, (10%.)s4°59290.6(1008). 


Attempted reduction of mesylate (89) 


Sodium cyanoborohydride (12.6 mgms, 0.2 mmoles) was 


added to a solution of mesylate (89) (20 mgms, 0.052 mmoles) 


192. 
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in hexamethylphosphoramide (20 mls). The solution was 
stirred at room temperature for 24 hours. Examination 

of the reaction mixture by T.L.C. on silica gel indicated 
only the presence of the starting material. The reaction 
mixture was heated to 75°C and stirred for 24 hours. 

Upon examination by T.L.C. on silica gel a new compound 
was detected in addition to the starting material. 
Comparison of the R.f. of this material with that of 

the olefin (87) implied that they were identical. The 
reaction mixture was worked up by diluting it with water 
(100 mls) and extracting this aqueous solution with 
methylene chloride (3 x 30 mls). The organic extracts 
were combined and dried over MgSO, and concentrated tn 
vacuo. The residue upon examination by P.M.R. indicated 
eine Presence Or the Olefin (87) by thesdistinctive 


Olefinic absorption at 6 5.5 in that compound. 


Attempted reduction of the mesylate (89) using sodium 


cyanoborohydride and 18-crown-6 


The previous experiment was repeated with the addition 


of 18-crown-6 (.5 mgms, 0.002 mmoles, 0.01 equivalents) 
to the reaction mixture. At room temperature the results 
were identical. At higher temperatures (75°C) there 

was also production of the olefin (87). Increasing the 
amount of 18-crown-6 ten times (5 mgms, 0.02 mmoles, 0.1 


equivalents) was without effect. These experiments were 
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repeated using dimethoxyethane (30 mls) as solvent instead 
of hexamethylphosphoramide. The results however were 


the same, in that only starting material could be recovered. 
Treatment of mesylate (89) with lithium iodide 


Lithium iodide (56 mgms, 0.42 mmoles) was added to 
a solution of the mesylate (89) (10 mgms, 0.04 mmoles) in 
dry acetonitrile (20 mls). The solution was stirred at 
room temperature for 24 hours. Analysis of the reaction 
mixture by T.L.C. on silica gel indicated the presence 
of a small amount of the olefin (87). The experiment 
was repeated with addition of 1 drop of triple distilled 
mercury. /® After 24 hours no olefin could be detected, 
_ but the starting material remained the only component of 


the reaction mixture. 
Attempted Jones' Oxidation of methyl epiannotinate (72) 


Jones! reagent (8 M aqueous sulphuric acid) was added 
drop by drop to a solution of methyl epiannotinate (5 mgms, 
0.016 mmoles) in acetone (5 mls) until the orange colour 
was sustained. After stirring for 5 mins. the reaction 
was quenched by the addition of 4 drops of isopropyl 
alcohol. The acetone solution was decanted from the 
polymeric chromium, diluted with an excess of methylene 
chloride and washed with saturated NaHCO, soibution.stThe 


residue, obtained after drying with Na SO, and concentration 
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in vacuo, was shown to be an equal mixture of two compounds. 


The I.R. spectrum shows a five-membered lactone carbonyl 
at 1780, an ester carbonyl at 1730 and a ketone carbonyl 
at 1710. On this basis the structures (90y*and! 491) 


were assigned to these two compounds. 


Attempted 2-phase Jones' Oxidation of methyl epiannotinate 


(72) 


An aqueous solution of chromic acid (3 mls of 0.01 M) 
was added to a solution of methyl epiannotinate (72) (10 
mgms, 0.03 mmole) in benzene (3 mls). The solution was 
stirred at room temperature for 10 minutes and then 
quenched by the addition of 4 drops of isopropyl alcohol. 
. The reaction mixture was diluted with methylene chloride 
(10 mls) and washed with saturated NaHCO, and dried over 


Na,SO,. Concentration of this solution tn vacuo gave a 


2.4 
residue which on T.L.C. analysis with silica gel indicated 
the presence of the two ketones (90) and (91). This 


prognosis was confirmed by I.R. 


Attempted oxidation of methyl epiannotinate (72) using 


Collin's Reagent 


A solution of chromic anhydride (20 mgms, 0.2 mmoles) 
and pyridine (31.6 mgms, 33 ul, 0-4 mmoles) in methylene 
chloride (10 mls) was prepared. This solution was stirred 


for 10 minutes and then methyl epiannotinate (16 mgms, 
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0.05 mmoles) was added. The mixture was stirred for 
10 minutes at room temperature and then worked up by 
passing the solution through a small column of alumina. 
The eluate was concentrated tn vacuo to give a residue. 


This was identified as the lactam (92) by its I.R. spectrum. 
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iv 
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Oxidation of methyl epiannotinate using N-chlorosuccinimide/ 


dimethyl sulphide 


Dimethyl sulphide (30 ul, 0.41 mmoles) was added to 
a stirred solution of N-chlorosuccinimide (40 mgms, 0.3 
mmoles) in toluene (10 mls) at 0°C. A white precipitate 
- appeared immediately. The solution was cooled to -25°C 
(carbon tetrachloride/dry ice cryostat) and methyl 
epiannotinate (67 mgms, 0.2 mmoles) in toluene (5 mls) 
was added. The mixture was stirred at -25°C for 2 hours 
and then a solution of triethylamine (30 mgms, 40 ul, 
0.3 mmoles) in toluene (0.5 mls) was added. The reaction 
mixture was warmed to room temperature and diluted with 
methylene chloride (30 mls). This solution was extracted 
once with pH 4 buffer (50 mls, Fischer 1M) and four times 
with warm water (40 mls). The organic phase was dried 
with MgSO, and concentrated tn vacuo to give the desired 
ketone (94). Yield 60 mgms (91%). The ketone could be 
recrystallized from ether to colourless rhombs. M.P. 


PGt=162°C. 
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P.M. Ree(CDC1, 2/46 327 (si/3H,1CO,—CH4) ;OO1G1 (ay “3H, 


Reaction of ketone (94) with tosylhydrazide 


Tosylhydrazide (30 mgms, 0.16 mmoles) was added to 
a solution of ketone (94) (10 mgms, 0.033 mmoles) in 
toluene. The solution was refluxed for 48 hours. Exam- 
- ination of the reaction mixture by T.L.C. on silica gel 
indicated that the starting material had been converted 
into a new, more polar compound. Removal of the toluene 
under reduced pressure followed by prepratory T.L.C. 
on silica gel plates (1.0 mm layer) allowed this compound 
to be recovered. It was identified as the acyl tosyl 


hydrazide (95). Yield 3 mgms (20%). 
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Mass spectrum: 459 (M‘, N,0.S, 4%), 304 (C,_H..N.O 


C5390" 3"5 t6 23" 3- 3! 


10%), 262 (C, 3H) (N,03, 40%), 204 (C) 5H) ,NO>, 100%), 


188 (C NO, 18%). 
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Attempted reaction between methyl epiannotinate (72) and 
methyl iodide 


Methyl iodide (24 mgms, 10 ul, 0.17 mmoles) was added 
to a solution of methyl epiannotinate (72) (10 mgms, 
0.03 mmoles) and pyridine (14.2 mgms, 14.5 ul, 0.18 
mmoles) in methylene chloride. The mixture was stirred 
at Sou temperature for 24 hours. Analysis by T.L.C. on 
Silica gel at this point indicated only the presence of 
starting material. The solution was refluxed for 24 
- hours and upon examination again by T.L.C. contained 


only the starting material. 


Attempted reaction between methyl epiannotinate (72) and 
methyl iodide using sodium hydride 


Sodium hydride (50% in oil, 2 mgms, 0.042 mmoles) 
was added to a solution of methyl epiannotinate (72) 
(10 mgms, 0.033 mmoles) and methyl iodide (24 mgms, 10 ul, 
0.17 mmoles in benzene (20 mls). The suspension was 
stirred at room temperature for 8 hours. After this 
period of time, the majority of the sodium hydride had 
been consumed and examination of the reaction mixture by 
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component, less polar than the starting material. This 

new component was identified as annotinine by comparison 
with an authentic sample on T.L.C. The I.R. spectrum of 
the reaction mixture also showed the characteristic five- 


Bemoered lactone Gf annotinine at 1780 em ~. 


Attempted reaction between methyl epiannotinate (72) and 
chloromethylmethyl ether using sodium hydride 


The previous experiment was repeated exactly with 
the substitution of chloromethyl methylether (13.7 mgms, 
12.9 wl, 0.17 mmoles) for the methyl iodide. The result 
was the same, that is, a mixture of methyl epiannotinate 


(72) and annotinine ee 


Attempted reaction between methyl epiannotinate (72) and 


dimethyl t-butylsilyl chloride and imidazole 


Dimethyl t-butylsilyl chloride (7.4 mgms, 0.05 mmoles) 
was added to a solution of methyl epiannotinate (72) 
(10 mgms, 0.033 mmoles) and imidazole (6.6 mgms, 0.1 mmoles) 
in dimethylformamide (10 mls). The solution was stirred 
at 35°C for 24 hours. Examination of the reaction mixture 
at this point indicated only the presence of starting 
material. The reaction temperature was increased to 
80°C..sAfter 124hours, examination by T.LsC. indicated 
the production of a new component, which was however 


quickly identified as annotinine (71). 
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Preparation of the axial monotrifluoroacetate (96) 


Trifluoroacetic anhydride (16.8 mgms, 11.25 ul, 
0.08 mmoles) was added to a suspension of ester "M" (73) 
(6 mgms, 0.02 mmoles) in pyridine (8 mgms, 8.2 Ll, 0.1 
mmoles) in methylene chloride (4 mls). The mixture was 
stirred at room temperature overnight and then diluted 
with methanol (20 mls). This solution was passed through 
a column of IRC-50 (about 20 gms) that had been thoroughly 
flushed with methanol (to remove water). The eluate was 
concentrated under reduced pressure and the residue 
exposed to high vacuum to remove traces of pyridine. 
This residue was identified as the axial mono trifluoro- 


acetate” (96). “Yield :5.2°mgms”* (60%). 
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Conversion of the axial trifluoroacetate (96) to ester 


"mM" (71) 


A solution of the axial trifluoroacetate (96) (5 mgms, 
0.01 mmoles) in methanol (1 mls) was treated with 2 drops 
of diluted NaHCO, solution. Ester "M" started to precipi- 
tate almost immediately. It was collected by filtration 


and identified via its M.P. 


Preparation of the equatorial monotrichloro acetate (97) 


Trachloroacetyl chloride (18.2 mgms, 11.2 ul, 0.1 
mmoles) was added to a suspension of ester "M" (12.3 
mgms, 0.04 mmoles) in methylene chloride (5 mls) and 
pyridine (12 mgms, 0.15 mmoles). The mixture was stirred 
| for 1 hour at room temperature by which time the ester "M" 
had dissolved. The reaction was quenched by mixing with 
an equal volume of ice-cold saturated NaHCO, solution. 
The methylene chloride layer was drawn off and the 
aqueous phase extracted twice more with methylene chloride 
(2 x 5 mls). Drying of the methylenechloride layers and 
concentration under reduced pressure gave a residue 
which on treatment with high vacuum (to remove pyridine) 


afforded the mono trichloroacetate (97) as the sole 


product. Yield 16.4 mgms (91%). 
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I.R. (CHC1,, 0.5 mms): 1765 ere (ee —co-ccl,), 1718 eae 
is, —CO,—CH,). 


Mass spectrum: 453 (M’ + 2, 10%), 451 (M*, 10%), 394 


RNs) ACO ORE S)i 2129 0 8(208)%, a2905 .(35.5)2, 922.2.4(3'7 tn, 


149 (100%). 


Peepacacion, OL the ditrichloroacetate (98) from ester 


my" (71) 


Patenl] esoacetyln:chboride e40emogmeyn24.5 mb, 0.22 
mmoles) was added to a suspension of ester "M" (12 mgms, 
0.04 mmoles) in methylene chloride (5 mls) and pyridine 
(40 mgms, 0.5 mmoles). The nee Was stirred for 24 
hours at room temperature. It was then mixed with an 
egual volume of ice-cold saturated NaHCO, solution. The 
organic layer was drawn off and the aqueous phase extracted 
twice more with methylene chloride. fhe combined organic 
extracts were dried over MgSO, and concentrated under 
reduced pressure. The residue was treated with high 
vacuum at room temperature (to remove pyridine) to give 


the ditrichloroacetate (98). Yieldezil.3 moms (90%). 


Peep wniemet)= 60 5.15 (b.s-, 1H, TCH O--coel,), 63.84 
op ere meiner 8) 8, 4.5," CHO Godel jy aa 1.68 (s, 


3H, CO--OCH,), 6 0.98 (d, 3H, CH—CH3). 
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I.R. (CHC1,, 0.5 mms): 1768 em = (Viesk, coO—CCl,). 


Preparation of the axial monotrichloroacetate (99) from 


the ditrichloroacetate (98) 


A saturated solution of NaHCO, in water (10 mls) 
was stirred vigorously with a solution of the axial 
monotrichloroacetate (99) (9 mgms, 0.02 mmoles) in 
methylene chloride for 24 hours. Examination of the 
organic layer by T.L.C. on silica gel indicated that 
the starting material had been entirely converted into a 
new more polar compound. The organic layer was separted 
off, washed with water and dried over MgSO, - On 


concentration under reduced pressure it yielded a residue, 


‘ which was identified as the axial monotrichloroacetate 


(99). Yield 6 mgms (88%). 


P.M.R. (CDC1,): 65.12 (bis. ARLH; CH—O—CO—CC1,), 


S23.00,0r(m G2). (Ol H G2) (GCH-- OH), 19 BS. 750s, 93H, LCO 


5— CHa), 


SD. Ota, WH, ACH ICH, \ 
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I.R. (CHCl, 0.5 mms): 3350 cm 


i ee 


—CH,), 1660 oni ets) s 
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Mass spectrum: 455 (C) gH, ,NO.Cl3, 4%), 453 (Cj gHa4,NO.-Cl3, 


+ 
BeOS) 401. AM, Ci9H54,N0,Cl,, 14%), sath 303) 55392) (27%), 


352 (C) 4H) 5NO,Cl,, 6%), 350 (C) 4H) 5N0,C1,, 


220 (C) 7H, 4NO3, 100%) ,. 230 (C) GHo)NO, 50% and C148 NO 


7%), 


pei 


252) aks 0. (C 34%). 
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Preparation of the trichloroacetoxy ketone (100) 


Dimethyl sulphide (30 ul, 0.41 mmoles) was added to 
a stirred solution of N-chlorosuccimide (40 mgms, 0.3 
mmoles) in toluene. A white precipitate appeared immediate- 
ly. The solution was cooled to -25°C (carbon tetrachloride/ 
deveice)yiand the trichloroacetate (97))) (90).2 mgms,, 0). 2 
mmoles) in toluene (5 mls) was added. The mixture was 
stirred at -25°C for 2 hours and then a solution of 
triethylamine (30 mgms, 40 ul, 0.3 mmoles) in toluene 
0.5 mls) was added. The reaction mixture was warmed to 
room temperature and diluted with methylene chloride 
(30 mls). This solution was extracted once with pH 4 
buffer (50 mls, Fischer 1M) and four times with water 
(40 mls). The organic phase was dried with MgSO, and 
concentrated in vacuo to give the desired ketone (100). 


Yield 69 mgms (76%). 
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I.R. (CHCl,, 0.5 mms): 1770 cm~ (s, co—ccl,), 1721 cm 


ct 


(s, —CO,—CH,), 1710 (sh, R,CO), 1240 em! (s). 


P.M.R. (CDC1,): 6-4.81).(m,1,1H, CH— O—COCC1,), Su3.73 


Mass spectrum: 451 (M + 2, 52%), 449 (M, 52%), 436 (40%), 
434 (40%), 402 (7%), 400 (7%), 290 (15%), 288 (103), 


272 (12%), 246 (100%), 178 (168). 


Preparation of the hydroxy ketone (101) 


A mixture of saturated aqueous NaHCO, solution 
(30 mls) and trichloroacetoxy ketone (100) (68 mgms, 0.2 
mmoles) in methylene chloride (30 mls) was vigorously 
stirred for 24 hours at room temperature. The organic 
layer was then drawn off, washed with water, dried over 
MgSO,, and concentrated tn vacuo to yield the hydroxy 


ketone (101). Yield 41 mgms (90%). 


PUM.ReqgtiGDEliatel drop CD3CO5D) : S584. 0att ofndgalk; 


3 
J = 8, 8, 2.5, CH— O—COCC13), 6 3200848 aay CO,—CH3), 


6gl-08e(dy 3H,(CH—CH3). 


a 


0.5 mms): 1715 cm 


B.Rom(CHE? (v.S., RCO, CO —CH3). 


i 2 


Mass spectrum: 305 (C)7H53N0,, Lt, 290 (Cj 6H 9NO,, 


100%), 246 (C,H, N03, 62%), 218 (C, 3H) ,NO., Sie). 
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Reduction of the ketone (101) using lithium in ammonia 


Freshly cleaned lithium metal was extruded using a 
sodium press to form very thin wire. This wire was 
quickly weighed to determine its weight to length ratio. 
In this fashion the wire was found to weigh 0.14 mgms/cm. 
A three neck flask was fitted with a serum cap, a stopper 
and a dry-ice condenser. Freshly distilled ammonia 
(from sodium) (10 mls) was introduced, followed by lithium 
wire (96 mm long, 1.32 mgms, 0.19 mmoles) and the mixture 
was stirred for 10 minutes. Then the ketone (101) (10 
mgms, 0.032 mmoles) in dry T.H.F. (10 mls) containing 
t-butanol (1 drop) was added. The mixture was stirred 
for 30 minutes during which time the ammonia was allowed 
to reflux. The reaction was quenched by the addition 
of ammonium chloride (ctrca 0.5 gms) and the ammonia 
was allowed to evaporate. The residual T.H.F. solution 
was diluted with ether (20 mls) and washed with water. 
The organic layer was dried over MgSO, and concentrated 
under reduced pressure to give a residue which was | 


identified as the diol (103). Yield 2.4 mgms (24%). 


BouMoR. (CDC1,): $. 3:5.9).(m,, .2H » «\CH—-OH) % 4063-644 (Sae3H, 
CO—O—CH3), oun ape ee Cs ee DS CH— CH3). 
on addition of 1 drop of trichloroacetylisocyanate the 
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I.R. (CHC1,, 0.5 mms): 3510 cm * (m, —OH), 3400 cm” 


Gh) OH) PPL Tas" cm * tah eee CO,CH,), 1120 cm™+ (s, c—oH), 


a 
1695 "ome C— On) 
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6%), 267 (C, 4H5,NO,, 163), 209 (C) 9H) 9NO,, 


100%), 190 (Cj 5H) _NO, 308) 70172 (C 


<1%), 308 (C, 7H, .NO 


14%), 


Mass spectrum: 309 (Mt, 4! 


20s (C...H. .NO 


12%19°02° 1248s 


4%). 


Preparation of D,-methyl epiannotinate 


Sodium metal (0.2 gms) was added to D,-methanol 
(5 mls) and the solution was cooled to room temperature. 
Methyl epiannotinate (25 mgms, 0.08 mmoles) was added 
and the solution was stirred for 2 days. The methanol 
was removed using reduced pressure and the residue taken 
up in a mixture of water (10 mls) and methylene chloride 
(10 mls). The methylene chloride solution was dried 
over MgSO, and concentrated tn vacuo to yield the product. 


Yield 23 mgms (92%). The product was found to be a 


50/50 mixture of D3 and D, methyl epiannotinate. 


Mass spectrum: 


A) Ionization with ammonia: 312 (Dy, OOS) 9 sl (D,, TOO). 


B) Electron bombardment: 312 (Dy, <$1/%.) 0 oak (D., Ue ey 
2097 (21th 26s (23%) 240 (15 4).," 250 Wace COC as), 


207 (1004), 206 (88%), 190 (653). 
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CHAPTER THREE 
INTRODUCTION 

The search for new and useful compounds has led the 
natural product chemist to investigate more and more of 
the myriad life forms of this planet. Given the vast 
number of such life forms and the fact that the majority 
of these have yet to be examined, it is only after some 
Ash Seat. thought that the decision to open up a new 
frontier can be made. Indeed deliberate thought is often 
not sufficient to guarantee success in such a venture. 
Some clue, some beckoning sign is a necessary adjunct 
for any decision. Thus it was a report of bacteriostasis 
in the distant realms of the Riiviariaaies. that prompted 
an investigation of this life form. 

The Nidulartacae constitute a family of basidiomycetic 
fungi commonly known as the bird's nest fungi.?’ They 
are widely distributed, some species having been found 
in most countries. A typical member of bird's nest fungi 
is composed of two parts. Beneath the ground are large 
arrays of mycelia while above the ground a fruiting body 
or pertditum is apparent. It is the latter which gives 
these fungi their common name. The peritdtum is cup shaped 
and often filled with lenticular bodies called peridtoles. 
Thus it bears a general resemblance FOva miniature birds 


nest containing eggs. 
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Initially, bacteriostasis was observed in a new 
member of this family, Cyathus helenae, but subsequently 
was also reported for C. striatus, C. litonbatus and 
ce poeppigit.°° Work undertaken in these laboratories 
to determine the source of the anti-bacterial activity 
of Cyathus helenae led to the discovery of a new class 

i 


of diterpenes ce the cyathins. Typical of this new 


class were cyathin A, (19) and allocyathin B, (107). 


CH; 
CH; 
S40 
HO CH,OH 
(107) 


The cyathin diterpenes were recovered from the 
liquid medium on which C. helenae was grown but examination 
of the mycelia led to the identification of three known 
natural products. These were glochindone (108), 


glochidonol (109) and ergosterol (hia 
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In a logical step the search for further bacteriostatic 
compounds was extended to the other members of the 
Nidulariacae. Thus an investigation of Cyathus afrtcanus 
uncovered the presence of further members of the cyathin 
family OL diterpenes. ?? These were named cyafrins. A 


typical member of the cyafrins is cyafrin A, 3 ie 
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Examination of the metabolites of Cyathus bullert 


led to the characterization of cybullo1?° which has the 


structure shown below (114) 


CH, 
HOy,,, 


f@yit 
Ea: 
W 


A study of the culture broth of Cyathus tntermedtus 
. Gisclosed the presence of a new xathone, 1-hydroxy-6- 


methy1-8-hydroxymethylxanthone!®+ C11 5) 


(110) 


Another member of Nidulartacae, not a Cyathus species, 


Mycocalia reticulata was found to produce a series of 
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At this point a report from another group of 
investigators appeared which concerned the bacteriostatic 
activity of Cyathus striatus. These investigators working 
with a strain (No. 12) of C. strtatus found some compounds 
of a seemingly sesterterpene nature which they called 
striatins. Although they were unable to determine the 
structure of these striatins they were able to associate 
the bacteriostatic activity of C. strtatus with these 
compounds. 

We possessed at this point a different strain of 
C. strtatus known as 68037-II. We decided to look for 
these striatins. Furthermore the striatins were reportedly 
recovered in high yield from the mycelia of C. strtatus 


but we had observed in an earlier test only weak bacterio- 


stasis in the growth medium and none in the mycelia. 
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A series of experiments was undertaken to reproduce 
as closely as possible the conditions and techniques 
whereby striatins could be recovered from the C. striatus. 
Our earlier observations concerning the presence of 
bacteriostatic compounds in the growth medium were 
confirmed and again no such compounds were found in the 
mycelia. However a thorough investigation of the com- 
ponents of the mycelia uncovered the presence of 
glochidone (108) and glochidonol (109). Furthermore a 
new triterpene acid was also present. This was isolated 
as a diacetate of the free acid. The parent diol was 
shown to have the structure (119). This compound we 


named cyathic acid. 


(119) 


This, then is an account of the experiments by which 


we elucidated the structure of cyathic acid. 


a2ubosges Bs nedser pha Aa $2 ~ 2 
Puprie PAY 
soopranned jener -) ancid8bno0 att 


+ 


siitnoetes oS edt most bezsvouas ad gions 


i sondern ena eaLbatentiog stn 4 


aw ines them SFVOLY eds at Rreeeene ahs 


ie ae barr 


pas war Bro? dcp choi Hours on. nbeRe | 


~moo od “bo deltsyiseavar Api cao? % evowea i 
p be. ie 
rR a 


to sonsaesqy Bas. bsrevooms siLeoya ens Rawk 
axomrediuyt » . (208) kononiaaaie bine (80£) ee 0 
pateloal eaw eins _ tiSeae sey Geis div Bia sees 
quw loth tuaaga eat Rigs oert: anit to st6teok 


é hamogens aba, OLD) sxpaowaze oat thead: oe 


2 nae 


‘bisa otra 0. 


1 ' i 7 K 
i ey fi iva ry i 
Te a) + yf ¢ : a rp A f ; . as : Ni 9 : 3 
| De ee Mee ay! cs. Or ea 
"¢ . ab \ 7 ‘i } 


DISCUSSION AND RESULTS 

Cyathus striatus (Strain No. 68037-II) was grown in 
submerged liquid culture. This involved taking a small 
quantity of the fungus and inoculating 125 mls of 
yeast/malt medium (y.m.) under sterile conditions. This 
initial growth known as the First Generation or G-I was 
kept at room temperature and shaken on a rotary shaker 
£Ore-5 days. By this time, particles of new growth were 
clearly visible. To increase the growth rate these buds 
were broken up by the addition of 25 pyrex glass beads 
and the shaking continued for a further 4 days. This 
culture was then used to inoculate 4 further flasks 
containing y.m. medium. In about one week these flasks, 
. known as G-2, were used to inoculate 10 litres of y.m. 
medium. The latter was connected to a New Brunswick 
Microferm apparatus and maintained at 22°C for about 
two weeks. By this time considerable growth has taken 
place and the fungus was ready for harvesting. 

The strain of C. strtatus used in these experiments 
was homokaryotic. This means that only one sexual type 
is present. Thus no fruiting bodies are produced during 
growth, only mycelia. Indeed the appearance of C. 
strtatus grown in submerged culture bears no resemblance 
whatsoever to the naturally encountered sort. In fact 
mycelia are generally not observed in nature as they 


usually subterratn. 
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The upshot of this is that the harvesting of C. 
striatus grown in submerged culture is a task fraught 
with difficulties. The tangled masses of mycelia are 
very difficult to remove from the culture medium. 
Filtration is so slow as to be useless. We solved this 
problem in two ways. Centrifugation at 1000 x g was 
generally sufficient to precipitate the mycelia as a 
jellied mass. However this was a batch process and very 
time consuming. Alternatively, the mycelia could be 
precipitated from the culture medium by diluting the 
latter with an equal volume of ethanol. One disadvantage 
of this process is that the secondary metabolites found 
in the mycelia and the medium become mixed. 

Initially we chose the centrifugation process and 
harvested our mycelia in this fashion. The dried mycelia 
were extracted by boiling the mycelia in a large excess 
of methanol. Upon concentration the methanol solution 
yielded approximately 21 gms of material. Not all the 
extract could be readily redissolved in methanol. This 
was no doubt due to the retention of moisture by the 
mycelia so that some water soluble compounds were 
incorporated into the methanol extract. This problem 
was overcome by trituration of original material with 
about 40 mls of boiling methanol. Decanting the methanol 
ands cohcentration of the latter under reduced, pressure 


gavee4aSogmsuots crude extract. This extract: represented 
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the true methanol soluble components of the mycelia. 
In accordance with the procedure described for the 


03 this methanolic extract was 


isolation of striatins~ 
chromatographed on Sephadex LH-20 using a 2.5 x 75 cms 
column. The eluting agent was methanol and one hundred 

5 mls fractions were collected. On standing for a couple 
of days many of these fractions began to crystallize. 
However they were first screened for bacteriostatic 
activity. This was carried out using a standard pro- 


22% Small paper discs impregnated with a small 


cedure. 
amount of the fraction were placed on a thin layer of 
Staphylococcus aureus growing on Mueller-Hinton medium in 
petri dishes. These dishes were incubated at 37°C for 
24 hours and then examined for signs of bacteriostasis. 
No such activity was observed. 

We then turned our attention to those fractions 
which obviously contained material and especially those 
that were crystalline. In this it became apparent that 
the bulk of the material eluted from the column was 
confined to three compounds. Thus fractions 51 to 55 
yielded 200 mgms of Glochidonol (109). Fractions 38 to 
41 were composed for the most part of Glochidone (108). 
However fractions 43-49 yielded beautifully crystalline 
material. These fractions were combined and dissolved 
in 5 mes Ofsmethanol’*’)On standing*evernight,at*4°C 


white amorphous crystals were deposited. These were 
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collected by filtration (yield 90 mgms). A futher quantity 
(60 mgms) was recovered by concentration of the mother 
liquors. Recrystallization from methanol at room temp- 
erature over 8 days yielded beautiful white needles, 
(yield 150 mgms) which had a m.p. of 311-12°C. 

A high resolution mass spectral examination of this 
compound revealed the molecular formula to be C3445 906: 
This formula was confirmed by microanalysis. This 
information coupled with the m.p. allowed us to confirm 
that this was a new compound. Certain properties of the 
mass spectrum implied that the compound was the diacetate 
of a carboxylic acid and so we named it O,O-diacetylcyathic 
acid. This prognosis was later confirmed by other evidence. 

A detailed interpretation of the mass spectrum of 
O,O-diacetylcyathic acid is as follows: 


556° (M;, C34H5 9%: 32%) 


~CH,CO5H 


496) (Canton aie) 


~CH,CO5H 
436 (C3 9H4 4°: 22%) 
~CHy | \ ve (C) 5H53) 783) 
421 (C5 9H, 1°: 93) 2i8 (Cy GHo gs 1003) 


219 (C4 gH) 9 39%) 
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The fragment found at 203 is the first piece of 


evidence that we are in fact dealing with a triterpene. 


This is a commonly found fragment in many terpenes. 19° 


In pentacyclic triterpenes it represents the D and E 
106 


Bang. 


m/e 203 


The fragment at 218 is a homologue of the 203 fragment 


but besides that it is not commonly found in triterpenes. 


105 


In oleananes it equals the 203 in magnitude and 


represents the C, D and E rings. 


m/e 218 
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9) 
This fragmentation is therefore caused by ae 


bond in oleananes. This accounts for its absence in 
saturated triterpenes. 

The fragment found at 219 must therefore be due to 
the other half of the 436 fragment after the cleavage of 
the 218 fragment. Thus if the cyathic acid were a penta- 
cyclic triterpene the 219 fragment would represent the 
A and B rings. Furthermore the absence of any added 
unsaturations in the C, D and E ring fragments implies 
that all the oxygens are situated initially in the A and 
B rings. 

The I.R. spectrum of 0O,O-diacetylcyathic acid shows 
a strongly H-bonded hydroxy group between 3300 cm + and 
3100 cmt, A strong carbonyl band occurs at 1741 cm™>, 
This band coupled with an equally strong doublet at 
1248 em implies the presence of acetyl group(s). Another 
carbonyl band of lesser intensity appears at 1685 om. 

Some light was cast on the identity of the carbonyl 
at 1685 cm? by examining the U.V. spectrum. If this 
band is due to an af unsaturated carbonyl this should 
be immediately apparent from the U.V. spectrum. The 
latter when measured showed a continuum rising to maximum 
at 210) n.m. with an extinctionsacoebiie1ent of about 100. 
Thus an a8 unsaturated ketone is out of the question. 


The O.R.D. shows a positive Cotton effect with a maximum 


at about 210 n.m. This is in keeping witha carboxylic 
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The P.M.R. spectrum clearly indicates the presence 
of two acetyl functions as sharp singlets at 6 1.97 and 
6 2.0. About 6 4.6 a complex multiplet appears containing 
4 hydrogens. A vinylic methyl group appears at 6 1.67 and 
five aliphatic methyl groups occur as singlets between 
Sr Oc7deiand. 6 -1:..0. 

At this point some assumptions were made; 
A) that the molecule was a lupane triterpene 
B) that it contained two acetyl groups 
C) that the carbonyl function at 1685 cm was a carboxyl 

group. 

These suppositions were confirmed in the following 
. series of experiments. 

0,O-diacetylcyathic acid was hydrogenated in methanol 
using Adam's catalyst (PtO.) to give O,O-diacetyldihydro- 
cyathic acid in 84% yield. The mass spectrum of this 
compound confirms the molecular formula as C34He 40: 

A detailed interpretation of the mass spectrum is as 
follows: 558 (M, C3 4He 0G. 8%) 

| -~CH,CO,H 


498 (C 103) 


3245924" 
| -CH,COH 


438 (C 483%) 


30746°2* 
“CH, x 20S Cee U3) 


335 (Co 13%) 249 (Cy Hy 925) 33%) 


113%) 


H39°2: 


220 (Cy GHog: 
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Lt is immediately obvious that a new fragmentation 
has been introduced, namely, loss of an isopropyl group. 
Furthermore the fragments which in 0O,O-diacetylcyathic 
acid occur at 203 and 218 are now in evidence at 205 and 
220. The intensity of these fragments. has also been 
reduced. 

The P.M.R. spectrum shows a two hydrogen multiplet 
at 6 4.6. There is no vinyl ‘methyl_greup at 6 1:67 and 
the aliphatic methyl envelope has been augmented by the 
addition of two methyls both appearing as doublets. 


The I.R. spectrum of 0,O-diacetoxydihydrocyathic 


is essentially identical to that of the parent acid. The 


carbonyl at 1685 em? is still there. 
Thus one can say that the following changes have 


occurred. 
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Treatment of O,O-diacetylcyathic acid with Na,CO, 
in methanol for 48 hours yields a dihydroxycarboxylic 
acid. This acid we have named cyathic acid. 

The I.R. spectrum of cyathic acid shows a strong 
hydroxy absorption at 3400 cm), Also a single carbonyl 
occurs at 1685 em >. The bands observed in the diacetyl 
derivative at 1740 cm and 1250 cm? are no longer 
apparent in cyathic acid. 

The P.M.R. spectrum of cyathic acid shows a broad 
doublet characteristic of a isopropenyl group at 6 4.6. 
This doublet integrates for two hydrogens. A complex 
multiplet corresponding to two hydrogens appears at 6 3.5. 


The mass spectrum indicates a molecular formula 


"On C. -HY .O 


30°48 4° 
Thus one can say that the following changes have 


occurred. 
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0O,O-diacetylcyathic acid can be esterified using an 
excess of diazomethane in methylene chloride. In contrast 
to the normal speed of this reaction with ordinary carboxylic 
acids, in this case the reaction is slow and proceeds to 
completion over a 12 hour period. A quantitative yield 
of 0,O-diacetylmethylcyathate is obtained. 

The P.M.R. of this compound contains a methoxy methyl 
group at 6uBe7. > The remaining part of the spectrum is 
identical to that of the parent acid. 

The I.R. spectrum shows a carbonyl at 1720 cm + or 
addition to the acetyl carbonyls at 1740 cnn There is 

1 


no apparent hydroxy absorption above 3000 ema. 


The mass spectrum offers clear proof that esterifica- 


ci1on. nas. occurred. The molecular formula ws ¢C..H.,O 


35545 6 


The fragmentation pattern is as follows: 


570 (M, Ca5H.40¢, 100%) 


~CH,CO,H 


510 (C 283) 


3345004! 


~CH,CO.H 


450 (C 22%) 


3184602! 


-CO.Me 


SITS 183%) 


29143" 


450 (C,H, 60) 


52027 


te arr TOD ey € “ yore eines 


beer yO We a eee ; 


gee 5 Cee RG ee ae 
enti mato’: & bo aaeat ialeata 

» BAW Roe bes ie meh te sunlit 

ea te dest vie weed a) aie oat —— 

PUR: AS ats aa ash, way , 

oe ae . 20 Aveodreod ry weolas ue: ~ieede, Mobi 
sic ticn. elegodisebd eas Bide & 5 sali 

Lite, OO: erege, atee Hye Hele. nce bh . 
ew ores Cure Ses ah ge rreha rent aust ee a 


Yo 


at elven sa aed un ane) mera strane, ame in 


ray 
if os 


Siocon, ety wt ae octeiey ae 


Wo SR Oy ie ee ere) ae 


Bh ai ey 
. ee 


a at Ya 


"_pait ' 
ee ae 


228. 


Thus the fragment at 218 representing the C, D and 
E rings is unchanged when compared to the free acid 
whereas the fragment at 233 represents an augmented 219 
fragment. This clearly confirms the presence of all the 
oxygen functions in the A and B rings. 

One can say, therefore, that the following changes 


have occurred. 


CO 


Treatment of 0O,O-diacetylmethylcyathate with Na 


2503 


in methanol for 48 hours gave methyl cyathate in good 
yield. 

The I.R. spectrum of methyl cyathate shows a single 
Carbonyl ab 1715 cna and a prominent hydroxy group at 


3400 cm +. ‘The band previously observed at 1250 cm > 
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due to the acetate groups is absent. 

The P.M.R. spectrum shows an isopropylidene methylene 
at 6 4.6 as a doublet. A methoxy methyl appears at 6 3.7 
as a sharp singlet. However between 6 3.2 and 6 3.6 
there are two doublets of doublets. These correspond to 
hydroxy a-methine protons. They clearly indicate that 
both hydroxy groups are secondary. Furthermore, splittings 
Ofek L Hz and 5°Hz for -onewand: 127Hz and 4.5 Hz for the 
other clearly demonstrates that these hydroxy groups are 
equatorial. 

The mass spectrum corroborates a molecular formula 
of C3746 904: In other respects it is similar to that of 
eyathictacid’ 

One can now make some decision concerning the position 
of the hydroxy (and therefore also acetoxy) groups in the 
A and B rings. From the splittings observed in the P.M.R. 
of methyl cyathate these hydroxy groups can only be 


flanked by two vicinal hydrogens. In the lupane skeleton 


there are only three such positions. 
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These are carbons-l, 3 and 7. The logical position 
for “the hydroxy “qroups is carbons’ 1) and ‘3? "This*is in 
keeping with the observed oxygenation pattern found in 
Glochidonol (109). 

The P.M.R. spectrum of methyl cyathate in pyridine-d, 
when compared to that run in CDCl. shows three distinct 
methye shites (0.4 ppm, 0.29 ppm and 0:25 ppm). iTo 
obtain three such shifts with only two hydroxy groups 
requires the presence of a hydroxy group at carbon-3. 
Furthermore, the magnitude of the shifts is in keeping 
with a (synclinal) gauche interaction between the hydroxy 


and methyl groups.+8 


This interaction is apparent at 
all three possible sites. Thus we can write two partial 


structures 


The carbon bearing the carboxyl group can be at 


carbon-8 or 10. This gives four possible structures. 


These can be whittled down as follows. Comparison of I.R. 
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spectrum of 0O,O-diacetylcyathic acid and cyathic acid 
shows no variation in the frequency of the carboxyl 
carbonyl. If the carboxyl were at either the a or 8 


position on carbon-4 it should show a H-bonding effect 


on going from the acetate to the alcohol. 


23). 


The lack of such an effect implies the absence of a 
carboxyl at C-4. This is in agreement with the earlier 
observation that a hydroxy group at C-3 interacts with 
two methyl groups. Furthermore it also becomes apparent 
that.i1f-theshydroxy group is at; C-lithen thescarboxyl 
must be at C--8 or if the hydroxyl is at C-7 then the 
carboxyl is at C-10. A hydroxy and carboxyl group 
adjacent to one another should show an obvious H-bonding 
effect. Thus there are only two possible structures 


for icyathicnhacids 
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We can distinguish between these two possibilities 
as follows. A detailed examination of the aliphatic 
methyl group envelope of the derivatives prepared so far 
indicated a number of small but significant shifts in 
certain of the methyl groups. 

An expanded version of the methyl group envelope 
is shown in the next diagram. If one compares Sy and 
S3 it is obvious that methylation affects only one methyl 
group. This is confirmed by comparing So and Sy also. 
However, removing the acetyl groups affects three methyl 
groups, one of which is the same as that affected by 
methylation. This group is marked B in Sy and So and 
S3 and Sys Therefore one can say that removing one of 
the acetyl groups affects two methyls while the other 
affects only one. It becomes obvious that the acetoxy 


group that affects two methyl groups does not affect 
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1.2 1.1 1.0 9 8 7 6 P) 


Sy 0,0-diacetyl- Aj{B CHD E -CO5H -OAc 
SGvathiceracid 
oc CS a 
: aes Sve a 
a 50 Shor . 
S, cyathic acid 4] ie | C. E SOE aN 
8 ne Pe ula fe 
‘ as. Att : 
\ a att 8 
S, 0,0-diacetyl- A B e m -CO,Me -OAc 
methyl cyathate 
i petaaa os 
4 Boot TOSS aie . 
S, methyl A C.D BITE -~CO5Me =OH 
cyathate C.D 
Q S o°o 8 
4 M oot, of : 
. : - oom Pf H 
Ss O-acety I- A C.D B C.D E ~CO5Me ,OAc,OH 
methyl cyathate 
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234. 
that methyl group which is moved by esterification when 
one compares S, and Sy: This is nicely confirmed by S 


Here the methyl group marked B is unchanged compared 


5° 


to S3 whereas the methyl groups marked CD are affected. 


Since the difference between S3 and S. is removal of only 


Ss 
one acetoxy group, this acetoxy group must affect the 
CD methyl groups and not the B methyl group. Thus one 
can choose between the two possible structures for 


cyathic acid as follows. In structure (119) esterifica- 


tion can only affect C-25, whereas in (120) it should 


(119) (220) 


affect both €-24 and C=26. Furthermore “in (120) one of 
the methyl groups affected by esterification is also 
part of a pair of methyl groups affected by acetylation 
of one of the hydroxy groups. This is in contradiction 
to the facts. Thus the P.M.R. evidence strongly supports 


structure? (119) . 
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A simple chemical experiment was used to add further 
wesgnt -cto the evidence in favour o£ (119);. Namely, 
oxidation of (119) should provide a 1,3-diketone whereas 
(120) should not. Oxidation of cyathic acid using Jones' 


reagent in acetone gave a single crystalline product (121). 
1 


a 


The I.R. spectrum contained carbonyls at 1720 cm 
1698 cm and 1676 cm. No hydroxy group absorption 
was apparent. The mass spectrum confirmed a molecular 
formula of C3984 4%: and also displayed a fragment at 


153 with a formula CoH, 395 and an abundance of 63%. This 
hitherto unobserved fragment must represent a reverse 


Diels-Alder cleavage across the AB ring junction, e.g., 


ve 
. +OH , + OH 
EO ees CO2H 
ma ; CoH1302 
HO HO H 


The P.M.R. showed a sharp singlet at 6 3.38, and 
the aliphatic methyl group envelope showed three strong 
downfield shifts when compared to cyathic acid. However 
it was the U.V. spectrum which clearly proved the 


structure of (121). This showed a band at 257 (ce = 10,000) 


ah 


. ie a, 
aa 


1 


outer at CMe. ‘ew homie ya + stip Ne ae i 
tot AMR was s 

Ka a oa, Lhe’ ven | 

4 onies voy Aig | aii? it wen ae: ary ae . 


‘ es ee Ri sire 
bi aun Ln ie ) ee ta Ps ea a a i? 


Ly 
+ 
x 
re 
= 


ACU A ee Ory ae 


creo cmt. sh akdane Eien ae wine cis Raat wise, th HBC | 
enue we Pa ae Vs ahs «) eo fa: be, Beastler " 


ak My 


ri ie ay ae st pan Be ovat ie) iil alah ty 
ae as nt yuh i ee, inom ea 


i i ft Yierenry ‘f eh py 


XN 
q 
\ 
4 Ag " 
i 
a a \ 
iat Sint 
’ i i 
ha 
ra “a y ‘ite 
Ty AM 
i I f 1 ibe ian 
i ! 1 
es ea a 
i re 7 — a 
ue 7 
\s 
' 
j 
t 
? 
4 
‘ My 
4 { | 
iy 
nO a 
yen ae J my 
he 


nce ts. mena bop a 
cian ‘wee ski my 


rue 


i - 
: oh f 
e : ; i 
. ; i 7 £ i 
ht a f a 
, Cane Pe 
ia A ry 7" : 
. 4 AM Nh Vtg “ } LY 
ADRS iii) 5 if CULta POM say: 
7 \ , i * 
’ ad 0 ee a | ee 


236% 


which J shifted on, the addition of base. to 288 (¢€.= 26,000). 


Jones 


acetone 
O 


(119) (121) 


This key experiment proves the structure of cyathic 
acid to be (119). Furthermore the other compounds mentioned 
so far must be related as follows. 0O,O-diacetylcyathic 
Macias (122)/ 0,0-diacety ldihydrocyathic acid is (123), 
O,O-diacetylmethylcyathate is (124) and methylcyathate is 


(125) . 


(122) (123) 
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It was observed in the preparation of methyl cyathate 
(125) from 0,0-diacetylmethylcyathate (124) that the 
reaction proceeded via an intermediate. It would seem 
reasonable that this intermediate should be the mono- 


acetate (126). 


This is because the acetoxy group at C-l1 is consid- 
erably: more hindereds than! thevonegatne-3uing (125) % 
Accordingly if the hydrolysis of (125) is carried out 
under shorter and milder reaction conditions, the product 
is exclusively the monoacetate (126). 

The>P-M.R. spectrum of (126) "shows a@-oneiproton 
doublet of doublets at 6 4.6 corresponding to the C-l 
methine proton. This proton shows coupling constants 
of 11 and 5 Hz confirming its axial nature. The C-3 
methine proton resonates at 6 3.26, also as a doublet 
of doubletsRandiwithucouplingtconstantssofel2.5- and’ 4.5 Hz. 


A single acetoxy methyl group appears at § 1.97. 
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The I.R. spectrum shows a hydroxyl absorption at 
3500 cm + and carbonyl at 1718 ieee The mass spectrum 
confirms the molecular formula of C33H.50c- 

Hydrogenation of (124) yielded 0,0-diacetoxydihydro- 


methylcyathate (127). 


(127) 


This molecule was made so that a clear picture of 
the C-l and C-3 acetoxymethine protons could be obtained 
in the P.M.R. spectrum. In all 1,3-diacetoxy A20 (29) 
derivatives made so far the isopropenyl hydrogens at 
C-29 obscured the 1,3-diacetoxy methine protons. However 
this problem is solved in (127) and the C-1 and C-3 
methine protons appear as doublets of doublets at 6 4.56 
and 6 4-63. Thevcoupling constants are 10.28 “and@547 ‘at 
6 42563 tand 12.2).and-5.3 ativéie4dj56.. This contirms: the 


equatorial nature of both acetoxy groups. 


The I.R. spectrum of (127) shows carbonyls at 1740 cm 


i 


and 1720 cm and the mass spectrum confirms a molecular 
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formula of C35H_-O0;- 
Attempts to change the functionality at C-26 were 
markedly unsuccessful. Thus treatment of O,O-diacetyl- 


aahydrocyathiccacid,) (123) swithediborane in. T.HeF. uwgave 


only recovered starting material. 


Furthermore treatment of O,O-diacetylmethylcyathate 
(124) with a large excess of lithium aluminium hydride 
in T.H.F. gave methyl cyathate (125) as the sole product 


in 92% yield. 


(125) 
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This gives a clear indication of the highly hindered 
nature of the carbomethoxy group at C-8. In retrospect 
some interesting aspects of the physical properties of 
cyathic acid derivatives can now be rationalized with 
these structures. 

in the mass* spectra"o£f 0,O0-diacetylcyathic acid (122) 
and 0,O-diacetyldihydrocyathic acid (123) there is a marked 
difference in the relative populations of those fragments 
due to C, D and E ring as compared to the A and B. Thus 
in (122) the fragments at 218 and 203 are more prevalent 


than the 219 fragment. In (123) it is the other way round. 
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% 
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AcO 
(123) 
H * 
CO2H?2 
219 (343) 219 (3338) 
af oF ass : + 
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218 (1008) 220 (108) 
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1093 that in 


This is in keeping with the observation 
the fission of triterpenes in the mass spectrometer that 
portion of the molecule with the least electronegative 
substituents generally ‘carries the charge. Thus: in (122) 
218 ‘predominates over 219. However in (123) the ability 
of the C, D, E ring fragment to carry any charge at all 
is diminished by removing the double bond and the A, B ring 


fragment predominates. The genesis of the A, B ring 


fragment at 219 is explained as follows. 
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Some comments can be made concerning the P.M.R. 
spectra of cyathic acid derivatives. It has already 
been stated that in the aliphatic methyl group envelope 
two methyl groups remained constant while three others 
were observed to undergo various shifts in these deriva- 
tives. These two methyl groups (at 6 1.0 and §& 0.7) must 


therefore represent C-27 and C-28 of cyathic acid. 


= 


% 
e 


In a comprehensive study of lupane tricerpences a. 


the average value observed for C-28 and C-27 was 6 0.75 
and 6 0.95 respectively. This is in excellent agreement 
with the values observed for cyathic acid. 

In the infrared spectra of cyathic acid the value 
observed-for a carboxy group or the ester jgroup at C-8 
emilee stenee sence 7le7cmes respectively. These values 
are approximately 20 em7? lower than the normal values 
for these groups. This is in keeping with the highly 


hindered nature of a carboxyl at C-26. A similar 
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observation can be made about the acetoxy groups at C-l 
and C-3. Thus an acetoxy at C-3)1sS normal and absorbs 

at 1740 cm7+ whereas an acetoxy at C-l is hindered and 

absorbs at 1720 cm? , 

In order to correlate the cyathic acid skeleton with 
the lupane skeleton it was decided to measure the carbon-13 
magnetic resonance spectra of a number of cyathic acid 
derivatives and also some lupane derivatives. The lupane 
derivatives were synthesized from the fungal metabolites 


glochidone (108) and glochidonol (109). The latter two 


compounds were isolated along with cyathic acid. 


Thus glochidone (108) was hydrogenated using palladized 


charcoal in methanol to give lupanone (128). Lupanone 
(124) was reduced to lupanol (129), which was then 


acetylated to give lupanol acetate (130). 


H2/ Pd/C 
MeOH 


(108) (128) 908 
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NaBH, CH3COCI 
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MeOH CH2Cl /pyr ~ AcO : 


95% C129) (130) 90% 


Glochidonal (109) was acetylated using acetyl 
chloride/pyridine to give glochidonyl acetate (131), which 
was then reduced using NaBH, to give 1,f-acetoxy-3, f8- 
lydroxylupene* (132). > This was then acetylated to give 


1,8-3,8-diacetoxylupene (133). 


CH3COC] 
CH2Cl, /pyr 


NaBH, 
MeOH 


CH3COCI 


CH2Clp/pyr dees 


(132) (133) 
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Furthermore, the literature contained three pentacylic 


triterpenes whose C.M.R. spectra had been assigned. These 


ie 


were germanicol (sore B-amyrin era y eke and the 


corresponding ketone (132). 


The various carbons in the lupane skeleton were 
assigned in the following manner. Carbons 1 to 6 and 


9 to 11 were easily assigned on the basis of the shifts 


245. 


Shah A cea air or peaketacd 
dt fot al ote Sad 


¥ 
' _ f 
mo ko 
i 
j r 
oa 
ee, re 
1 i 
Ne vale 
2 aie" An 
eee SS! ; 
Wil Mid 
oi 


a ei) : 7 pe: 


iy, ha 
; | fovea % fet t ads a af me wey iene | z 7 de fi a : r . \ 


mie a tats mie 


cab Vat A 
ee th 
7 ae 


gy ul _ 


induced by the various chemical transformations of the 

A ring. Thus the presence of a ketone at the 3-position 
causes a well documented effect at carbons 4, 5 and 6. 
Similarly a substituent at C-l causes a profound effect 
at carbons 9, 10 and 11. Carbons 7 and 8 were assigned 
using the observed literature values??? coupled with 
their relative inertness to changes in the A ring. 


Carbon 12 was easily recognized by the strong upfield 


shift induced there by hydrogenation of the isopropylidene 


double bond. Carbons 13, 14, 15 and 16 were assigned 
by comparison with the known literature values for these 
positions in conjunction with their relative permanence. 


Carbon 17 is the only remaining unassigned singlet. 


. Carbons 18 and 19 are both doublets but carbon 19 is 


affected by hydrogenation of isopropylidene double bond. 
In a similar fashion carbons 21 and 22 are the only 
remaining triplets but carbon 21 is slightly shifted on 
hydrogenation of the double bond. The three A ring 
methyl groups are easily determined from their character- 
istic shifts on changing the substituents in that ring. 
Carbons 27 and 28 are assigned because they display 

the largest and smallest couplings respectively in the 
off-resonance mode. This is based on the fact that the 
coupling observed in the off-resonance mode is directly 
proportional to the frequency difference between the 


decoupler frequency and the position of that carbon's 
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hydrogens in the P.M.R. spectrum. Since carbon 28 is the 
highest field methyl group and carbon 27 the lowest in 
the P.M.R. (as already discussed) they respresent the 
extremes in off-resonance splitting patterns. The only 
remaining methyl group C-26 is thus also assigned. 

Thus the following values were determined for the 


aforementioned lupane derivatives. 
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As a check on these assignments an empirical calcula- 


tion was undertaken using a new method developed by 


248. 


a 


« 


i 
PMD ripe 
Al te ay 


\\ Whip ga, de aipehemtdar 


iige ous a 


ie eu ‘ 


psbinnthaan sarah bi si We vi th boi 


Cory be Pe ioe rae Hy 
‘i Ng 
Ae, © WT | | ae 
v aee ee 
ee i re \ ar seek, iy a‘ 
ee ee aS beh ae « at . 
! | ae i. ba ye yak Mh ball lo nt . 
| Peete | eae Dok nse 
" KO hh Rt be f 4 “bt * ts: oe ; eo | 
| {ae he ak 3 
i RAGA ‘eine Gar int ak a an 
yee 3 phenlihe ; 84 *a oe ait aM 
7 he oe Bt ae cae 
* 
il i ORI 8 7 
Seana 
eon wie 
Skip. eels Lis A Rein ped ‘hi i | Hay 
yet 1 hea ted ba el ai i 7 ‘ 
. 


249. 


111 for carbon thirteen resonances. This method 


Beierbeck 
does not allow calculations to be made for all the carbons 
of the lupane skeleton. For those to which it applies 


however it lends support to the assignments. As can be 


seen below correlation is very good indeed. 


(ett Spectrum of Glochindonol (109) 
Carbon calc. obsd. 
ai 81.04 719.6 
2 41.14 45.15 
3 212 2.6 PLAS TET S 
4 48.63 47.15 
5 55.50 51.4 
6 17.62 19.64 
7 33-12 33.02 
8 41.53 41.16 
9 48.49 50.7 
10 42.16 42.99 
11 25.03 23.03 
12 26.72 PASTAS ES) 
3 43.35 We 39403 
14 41.33 42.99 
1S 25 Pa le tog 
16 SO, 3 55,9 
18 47.92 48.30 


The C.M.R. spectra of four cyathic acid derivatives 


were measured. The assignments were made following the 


NA 9 


wa ty hte ier “iat ie neat 


a spite sah a nc ata oe 


boat Tit se i 


i ' t? 
1a Wy oie f ; dodiphe 


a 


Min ee 
at i 


a 


same principles used for the lupane series of derivatives. 
In general no difficulty was encountered as the vast 


majority of resonances were identical in value to those 
observed in a similar lupane derivative. In this fashion 


the following values were observed for four cyathic acid 


derivatives. 
(122) (124) (126) (125) 
Le rijel te 7ac07 79.0 75.8% 
2 30.0 30.0 32.8 37.0 
3 ribet ele 74.4 74 
4 377 3787 38.6 Bes 
5 53.8° 53.8 53.8° 53.6 
6 192 60, 196> 1923 19 
7 30.2 30.4 30.3 30.5 
8 53.9° sent sale 53.6 
9 52.4 52.4 52.5 53.0 
10 Py iar 42.5% goes 43.8 
ri Zan 236 23.6 Dae? 
12 2428 2423 2402 2452 
13 36.5 2607 36.7 36.9 
14 Hoy Soe 42097 Ae 42705" 
15 30.7 30.7 30.6 30.5 
16 352 352 35.0 34.9 
17 Anas ra A2nI rene 
18 48.4 48.4 48.2 48.5 
19 47.8 47.8 47.6 47.9 
20 150.4 150.4 150.5 150.1 
21 29.8 30.0 29.8 29.5 
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(124) and 1,8-3,8-diacetoxy lupene (133), one can say that 


the introduction of a carbomethoxy group causes the follow=- 
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carbons 
carbons 


carbons 


It now becomes of interest to compare the two series 
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6 la 0.2 + 0.1 


If one compares 1,0O-acetoxymethylcyathate (126) and 
1,B-acetoxy-3,8-hydroxy-lupene (132) one can observe the 


same perturbations of the lupene skeleton 
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If one discounts any perturbations of less than 


1 ppm then the following consistent shifts are observed. 
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(124) + (133) (Loewe (3) 

C= i -1.9 =) .9 
C=-3 -2.2 - 

C=6 21 tes 
C=) -3.6 Saks Ti 
C-8 Be es +125 
C-9 +1.4 +125 
C-15 mae ial | +31 
C-25 -1.6 -1.6 
C-26 61. +161.9 


It can be seen immediately that exactly similar 
perturbations are observed in both series of compounds. 

' This is despite the fact that sizable shifts are occuring 
in both series. However, because these shifts occur to 
an equal extent in both series the observed perturbation 
remains the same. This is excellent corroboration for 
the lupane skeleton of cyathic acid. 

The perturbations themselves are also in keeping 
with a lupane skeleton for cyathic acid. They can be 
divided into two groups. The first group consists of 
perturbations at C-1 and C-3. It is very possible that 
these are due to slight deformations of the A ring trans- 


mitted via the 1.3 diaxial interactions of C-26 and C-25 


and also C-25 and C-24. 


254. 


j ; be A eta’ 
oe eae 1g il Ria aor fot hiv il “hon chon be ee 


¥ 


+e | 
Fae Piss i 
A 
=a 


: i) i : < ; 

ie FA 4 ry a | 

id é Pt tate Wh ME No PH Pi. bi 
Laie p ay ne 

warty ’ ak ; nate bith 
~ a . 4 i il tj 7 aS i aay tr en whid ” + uahemelhitin Wi i r 
we Ny We it ish ia 5, 
a i } 


hie we 2 eke cinta ond, no ft 
droeniie, 40,.nalene! he ee ‘tad dade cor % 
mat goed ons ae ted He04, ba aig 
ee ie suena - manna ye 


i 
i i 
4 


yin 2 hee athe Tom som ec Ave 


i Vii iy 
Bho 


25.9% 


8) 
25 —\x00H, 


It has been shownein that the A ring of pentacyclic 
triterpenes is indeed sensitive to such interactions. 
However it is the changes about C-8 that are the most 
- important. C-8 itself shows a downfield shift of 12.5 
ppm. The observed average value for the shift at the 
B-carbon on changing a methyl group to a carbomethoxy 


116 The effects observed at C-7 and C-9 


is +12.0 ppm. 
are probably inductive effects with an added stereochemical 
effect at C-7 due to the loss of 1,3 diaxial H-interac- 


ttt The effect at C-15 is surely a y-gauche inter- 


Clon. 
action. The effect at C-25 is a classic example of an 
upfield shift caused by steric compression. The prepara- 
tion of these lupane derivatives also permitted us to 


make some correlation between the P.M.R. spectra of 


lupanes and cyathic acid derivatives. 
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Thus methylcyathate (125) shows three downfield 
shifts of methyl groups if one compares the P.M.R. spectrum 
run in CDCl, and pyridine-d,. Lupanol (129) shows two 


such shifts of similar magnitude. 


If one compares the P.M.R. of (132) and (133) one 


observes the following shifts 
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A similar effect is observed in the cyathic acid 


series. 
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(126) (125) 
ee 60.98 —- - — -— - - - - 60.98 +0.00 
Co4/23 60294 thi d 2 Wane 760-85 +0.02 
es: UDI) ot rk _ = = 60.82 (2x) -0.12,+0.07 
Co3/24 §0.75— 
om 6§0.70- - — - - — - ~-60.70 +0.00 


In both series acetylation of the C-3 hydroxy group 
causes an upfield and a downfield shift in the C-23, 24 
pair of methyl groups. Thus in the C-3 acetate both 
C-23 and C-24 become coincident. 

This is yet another piece of evidence to prove that 


cyathic acid (119) has the structure shown. 
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EXPERIMENTAL 

Melting points were determined on a Fisher Johns 
hot stage melting apparatus and are uncorrected. 

Infrared spectra were recorded on a Nicolet 7199 
FT-IR. 

Proton magnetic resonance spectra were measured 
using a Varian Associates model HR-100 spectrometer 
interfaced in the Fourier mode to a Digilab FTS/NMR 3 
data system. 

Carbon magnetic resonance spectra were measured 
using a Brucker HFX-90 spectrometer or a Bruker WP-60 
spectrometer. In either case the Fourier mode was used. 

Mass spectra were recorded on an A.E.I. MS-50 
. Mass spectrometer. 

O.R.D. spectra were measured on a Jasco O.R.D./C.D. 
55-20-2 (modified) machine. 

U.V. spectra were determined on a Cary Model 15 
U.V. and visible spectrometer. 

Microanalyses were performed by the microanalytical 
laboratory of this department. 

Thin layer chromatography was done generally on 
micro plates (75 x 25 mms) using Merck Silica Gel G 
(Type 60) and using General Electric Type 118-2-7 Electronic 
Phosphor as a fluorescent indicator. Plates were examined 


with U.V. light at a wavelength of 254 n.m. 
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Isolation of 0,O-diacetylcyathic acid (122) 


A flask containing 150 mls of Y.M. medium (4 gms 
yeast extract, 4 gms glucose, 10 gms malt extract per 
litre) was autoclaved at 121°C for 20 minutes. It was 
then inoculated with Cyathus striatus (strain No. 
68037-II) and maintained at room temperature on a rotary 
Shaker for five days. Subsequently, sterile pyrex 
glass beads (approximately 20) were added and the shaking 
continued for a further four days. Meanwhile four more 
flasks each containing 150 mls of sterile Y.M. medium 
and glass beads were prepared. When the first growth 
(known as G-I) had reached maturity it was used to 
inoculate the four secondary flasks by adding 10 mls of 
culture medium from G-I to each. The flasks (now known 
as G-2) were maintained at room temperature on the 
rotary shaker for eight days. When mature the entire 
G-2 contents were added to 10 litres of Y.M. medium in 
a New Brunswick microferm apparatus. Two mls of polyol 
antifoam were added initially and the mycelia grown at 
22°C with mechanical stirring (200 ripem.)\ and an aera- 
tion rate of 3 litres air/minute. 

The myclia were harvested after 8 days and collected 
via centrifugation at 1000 G. using a high speed cream 
separator. The cells were dried between absorbent paper 


and then placed in a 1 litre Erlenmeyer flask which was 
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then filled with methanol. The methanol was boiled for 
20 minutes and then decanted off. This procedure was 
repeated twice more. The combined methanolic extracts 
were concentrated under reduced pressure to yield 21 gms 
of crude material. Examination of this extract by T.L.C. 
(silica gel/chloroform/methanol) indicated that the 
Majority of it was extremely polar material, e.g., sugars. 
The extract was triturated with 40 mls of methanol and 
concentration of this methanol solution itn vacuo gave 
4.5 gms of material. 

This material was applied to a column (75 cms x 
2.5 cms) of Sephadex LH-20 as a methanol solution. The 
column was then eluted with methanol at the rate of 
20 mls/hour. About one hundred fractions of 5 ml each 
were collected. These fractions were allowed to concen- 
trate by evaporation for two days. By this time it 
became apparent that the eluted matetial was concentrated 
in three sets of fractions. Fractions 51 to 55 jelled 
on standing. This behaviour is characteristic of 
glochidonol (109). Combination of these fractions and 
concentration yielded 200 mgms of crude glochidonol (109). 
This glochidonol could not be crystallized but was 
identified by its spectral properties!}4 and by compari- 
son with an authentic sample. 

Combining fractions 38 to 41 yielded Glochidone 


(108) (40 mgms). This was identified by comparison with 


ee ORAL) 
y a a y yc? , 
Abit 4 nico kil 
i | f Ni ifs ‘ ae oh mt Oy; AM ale 
eT re wet a to Keach cul 


alate 
| Dil se 


i) ’ aap 
| ; ¥ “ ne | 
‘4 { 
i} uf 
t i , ; 
mM \) : 
- ’ i ¥ ‘ 
cr 5 | Le 
i i 
# 


‘ ooh ie 
at a me A a a ” PSY mein «ft ' 7 
0 a uote Hy ' a me 


; oa ~ ue Ve hi fa } : a 7 
ub } ; , ere hr ‘ L? op ‘ Bs 4 of ati sb aes 5 i ne ; ; aS, 


\ Hi ie 
{ Laur 
4 sii nA 
i 1S eh hae ¥,- At 
f { ai | ny ing i Hi z| ‘- 
iy Pee ah 
7 we es a . 
' t fe ca : t is " sin} ‘ 
ge ee i a oh. cn ee 
* 4 uh ‘aa Mn) 7 iy : ’ » 
; int J “Ni wpe hs nen , met 


an authentic sample. 

Fractions 43 to 49 were combined and concentrated 
eowyireld crude O,O0-diacetylcyathic, acid, (122)... This was 
crystallized from 5 mls of methanol at 4°C to yield 
white amorphous crystals (90 mgms). Concentration of 
the mother liquors yielded a further quantity (60 mgms). 
Recrystallization of both quantities from methanol at > 
room temperature over 8 days yielded pure O,O-diacetyl- 
cyathic acid (150 mgms) as clear white needles. These 


needles sublimed at 280°C and melted at 311-12°C. 
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Preparation of O,O-diacetyldihydrocyathic acid 


Platinum oxide (2 mgms, 0.009 mmoles) was added to 
a solution of 0,O-diacetylcyathic acid (119) (14 mgms, 
0.03 mmoles) in methanol (10 mls). The mixture was 
hydrogenated at room temperature and with constant 
stirring under 1 atm. of hydrogen for 12 hours. The 
platinum was removed by filtration and the methanol 
concentrated tn vacuo to yield O,O-diacetyldihydrocyathic 
| acid (123). Yield 11.4 mgms (84%)~ 7 After recrystalliza-— 


tion from methanol, needles were obtained M.P. 306-308. 


P.M.R. (CDCl): ea B=4n50(m7e2H, CH—OAc), © 2.01 (s, 
3H, O—COCH3), Oe LAISN (Sema ohy, O— COCH,), Ope OLeS;,..0H, 


3 a 3 


(se. 3H, CH,—CR,). 
I.R. (CHCl,, 0.5 mm): 3300-3050 ene ab OH) s ec oROLCHT 


(Queemny, aaevene- 
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Mass spectrum: 558 (C548. 4G. 8%), 498 (C3 5H5 G04: 10%), 


438 (C35 Hy 6D! 47%), 395 (C57H3905, 13%), 220 (Cy Gog: 10%), 


(s, —O—COCH,), 1685 ae eee CO5H), 
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Zr? =(C 34%), 218 (Cry Bis) 7 eloL (Ci, 


H53: 
100%), 123 (CoH 


Hy g°2" 
360) P1852 (Cc 


14#1 922° 


43%), 149 (C 


Tours 15" 


47%). 


sila cy 


61%), 109 (Co 41%), 107 (Ce, 


Hy3: aa 


Preparationvof cyathic acid (119) 


Anhydrous sodium carbonate (50 mgms, 0.4 mmoles) 
was added to a solution of O,O-diacetylcyathic acid (122) 
(14 mgms, 0.03 mmoles) in methanol (10 mls). The mixture 
was vigourously stirred at room temperature for 48 hours. 
When a shorter reaction time was used the product was 
a mixture of a diol and monoacetate. The methanol 
solution was concentrated to dryness tn vacuo and the 
residue dissolved in a mixture of pH 4 buffer (Fischer 
_ 1M, 10 mls) and chloroform (10 mls). The organic layer 
was removed and the aqueous layer extracted twice more 
with chloroform. The chloroform extracts were combined, 
dried over MgSO,, and concentrated tn vacuo to yield 
pure cyathic acid (119) 10.8 mgms (92%). 


M.P. 307-9 (after sublimation at 280°C). 


P.M.R. (CDC1,): 6 4.66 (d, 2H, J = 6 Hz, C=CH,), 
§ 3.8-3.0 (m, 2H, CH—OH), 6 1.7 (s, 3H, CH,—C=C), 
SM -G5n(sy 3H; CHS—-CRI)) 6"0-9SQ\= yesh; CHE eR) 


I.R. (film cast): 3400 guns (s, O—H), 2960 en (s, C—H), 


1685" cus (s, CO.H). 
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Mass spectrum: 472 (PF; © G59)"; 4457 ~ (C 


2944504: 
34%), 219 


3044804" 


ZEUS) 7.545 (C LOST ¢ 429 CC 


2784194" 
67%), 203 ( 


304603: 


Kc 14%); 218 (Cc 77%), 


Cis 423" 
Sosy, 135 (Cc 


te 26! 
74%)3 175 (ec 


14% 199° 


rao “(C 83%), 


j ioe pe 
94%). 


1319" 
100%), 107 (CoH 
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121 (CoH 96%), 95 (CH 
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Preparation of 0,O-diacetoxymethylcyathate (124) 


A solution of diazomethane in CH,Cl., was added 
dropwise to a solution of 0O,O-diacetylcyathic acid (42 
mgms, 0.08 mmoles) in CHoCl. (10 mls) until the yellow 
colour was maintained. The solution was stirred for 
12 hours until examination by T.L.C. (silica gel/chloro- 
form/methanol) indicated that the reaction was complete. 
Concentration of the CH,Cl. solution to dryness under 
reduced pressure and crystallization of the residue 
from methanol gave O,O-diacetylmethylcyathate (124), 
53.2 mgms (96%). 


Meee nZ59-C- 


PeMoh. (CDC1 4): 6 4. to 4.4. "(m7-40, CH— OAc, C=CH,), 
§ 3.70 (s, 3H, O—CH,), 6 2.0 (s, 3H, OCOCH,), 6 1.95 


3H’, CH —CR3), 6 O2S5 (S, Sti CH,—CR3), 6) 0.82 (s, 6H, 


3 


CH —CR3), 6-0. 69(Ss "SH; CH3—CR,). 


3 


‘ (s, 


Pentti imacast) : <29:]5 emi (s, C—H), 1740 cm 
OcocH,), 1719 cmt (s, CO,CH,), 1250 and 1240 ome (wae 


OCOCH,).- 
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Mass spectrum: 570 (P, C 5H L003), 510 (C33H. 904) 


18%), 246 


354546’ 


28%), 450 (C ZZ bit oC 


29143" 
44%), 218 (C 


Si tago a! 


(Cy 6H5 99) 29%)l,, 233 (C) 5H5195. 16426" 73%), 


203° (C 49%), 189 (C 48%), 147 (C 30%), 


Tit se 
beer 107 (CoH Se yy. 


14491" 
48%), 121 (CoH 


15#23" 
iL (oni eae 
93 (C,H, 53%). 
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Preparation of 1,0-acetoxy-3,0-hydroxymethylcyathate (126) 


Anhydrous potassium carbonate (50 mgms, 0.36 mmoles) 
was added to a solution of 0O,O-diacetoxymethylcyathate 
(124) (20 mgms, 0.035 mmoles) in methanol. The solution 
was stirred rapidly at room temperature for 30 minutes 
and then let stand without stirring for 8 hours. The 
_ reaction solution was evaporated to dryness and the 
residue dissolved in a mixture of water (10 mls) and 
methylene chloride (10 mls). The organic layer was 
separated and dried over MgSO, - Removal of the methylene 
chloride under reduced pressure gave 1,0-acetoxy-3,0- 
hydroxymethylcyathate (126). Yield 16.7 mgms (90%). 

This was recrystallized from methanol to yield white 


Clusters. M.P. 208-—10°C. 


P.M.R. (CDC1,): 6 4.61 (d, 2H, J = 8, C=CH,), 6 4.54 
(dof d, IH, J = 16% 5, CH—OAC), 63.69) (s,, 3H, OCH), 
peaeso dror d, lH, J = L225 angeas5y CH-OH)y G6 l-97- (Ss, 


3H, CH,—CO—0), 6 1.67 (b.s., 3H, CH,—C=C), 6 0.98 
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3H, CH,—CR,), 6 0.75 (s, 3H, CH,—CR,), 6 0.69 (s, 3H, 
CH,—CR,). 
Gore (film cast): “3500 cmi> (b.w, OH), 2960 cm? (s. 


1 iE 


C—H), 1718 cm~ (s, — 0--COCH,), 1250 cm (s, —0-—COCH,)'. 


Mass spectrum: 528 (P, C Oc, 100%), 513 (C35H 4905. 


52%), 218 


33452 


24%), 468 (C 45%), 233 (Cis 


H5 192° 
78%), 189 (Cc 


31448°3° 


(Cy Hoe, 81%), 203 (C) 5H5 3, 14421" 68%), 175 
(C 36%), 147 (C 


40%), 135 (C 60%), 121 


10015) 
67%), 93 (CoH9, 


11%15° 
75%), 95 (CoH 


13109" 


(CoH, 3 75%), 107 (Cy 


anh 11’ 


72%). 


Preparation of methyl cyathate (125) 


Lithium aluminum hydride (20 mgms, 0.53 mmoles) was 
added to a solution of O,O-diacetylmethylcyathate (124) 
(20 mgms, 0.035 mmoles) in anhydrous ether (10 mls). 

The mixture was stirred at room temperature for 24 hours. 
The reaction was stopped by slowly adding the ether 
solution to aqueous NaHCO, solution (20 mls). The ether 
layer was removed and the aqueous layer extracted twice 
more with ether. After drying over Na,SO, the ether was 
concentrated tn vacuo to yield methyl cyathate (125). 
Yield 15.7 mgms (92%). The methyl cyathate could be 


recrystallized from hexane/chloroform to give long needles. 


Mobo, 23t—133"C. 
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PMR. (CDC1,): 04.52 (4d, .287 J j= .9; C=CH,), 6.3209 
(Ss7,,3H, —OCH,), G 3244: (0 Gaya, lh J A=) and 45 CH= On), 
One. 2lald Of ad; 91H, (St =3l2 and i425, 7CH— OH), 26 1.68 


(Beem sHgh CH, C=C), Sy OKs a. 3H, \CHy—CR4) rah 0592 


3 


3 
—CR,), 6 0.68 (s, 


3 

3H, CH3—CR3). 

I.R. (film cast): 3390 enae (s, O—H), 2950 are (s, 

C—H), 1718 cm™* (s, CO,CH,). 

Mass spectrum: 486 (P, C3385 994: 100%), 443 (Co9H430,7 

26%), 426 (Co 9H, 605, 33%), 269 (C) 5H5504, 27%), 218 

(Cy GHog: 60%) 4.4203 (C) 5Ho3, 73%) 79189 (Cy 4Ho17 139) L715 

(C) 38197 41%), 149 (C3417 43%), 135 (Cy oH 5: 603%), 
pytee (CoH, 3 82%), LOS (CoH 3, 58%)/, 207 (CoHi,, 78%), 

25 (CoH 4) 163) 7593 (ClHg, DAS) 0 


Preparation of methyl-0,O-diacetyldihydrocyathate (127) 


A solution of diazomethane in methylene chloride 
was added slowly to a solution of 0,0-diacetyldihydro- 
cyathic acid (123) until the yellow colour was maintained. 
The solution was stirred for 12 hours at room temperature 
and then concentrated under reduced pressure to yield 
methyl-O,O-diacetyldihydrocyathate (127). Yield 10 mgms 


(98%) . 


269. 


Neca OL a. i ay ee 
1 Canta a ; igh ve di ae a? iw Du 


" mL a F " ‘ hig fal! ‘ i | 


eae og, Ae a : ial ug? 4h | 
rn fe | F avs P iene Meet ear i cree Bat 
eet 0 pth gD RGR: eT. eee: is 


eds | J ot iy i h we s Wn th be 4 scaly 00 Shiveth 
Se ee ) tt, HH <i “yh qane spe Acts 7 


Pn bal) 


Ly bi api et eed ; 


LASER ip tech eB fy thy 2 tom rat a aso nil by ty sie 
Sami gb rth ein re 8 ono itac (DSL) Sine oe 


er ee es peas ie, 


im eN og Nahanieny: 


Ae 


270. 


P.M.R: (CDCl): One D0sNaZOG a qui wore) Liwand’6yCH— OAc) , 
era 406 (daofcd, oli, gd eae) 2eandes,/ Gh=ORG)7(603.70 (s, 


SH, — OCH3), 6 27.0 (s, 3H; CH —O-—CO), 6 OT (Ss. SH, 
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Crea COl, 1c, O«9 SIS ny CH3—CR,), O-OSSO™ (mpl 2H, 


3 
@H,)), 700-68) (5, 13H ,) CH 
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37 CR3)- 


1 V 


I.R. (film cast): 2980 cm. (s, C—H), 1740 cm 


it 


(s, 
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OCO—CH,), 1720 cm ~ (sh, —CO,CH,), 1250 and 1240 cm 


(s, OCOCH,) - 


Mass spectrum: 572 (P, Ca5He 60, 35S) OZ (C33H.504, 
84%), 233 


25%), 453 (C 30%), 452 (C 
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Preparation of the diketone (121) 


Jones' reagent (8M) was added to a solution of 
cyathic acid (119) (2 mgms, 0.004 mmoles) in acetone 
until the orange colour was sustained (1 drop was required). 
The solution was stirred for 5 minutes and then quenched 
by the addition of 4 drops of isopropyl alcohol. The 
reaction mixture was filtered and then concentrated 
under reduced pressure to give a residue. This residue 
was dissolved in 2 mls of CHCl. and washed with water. 
After drying the CH{Cl. solutioniover MgSO, and concentra- 


tion in vacuo the ketone (121) was obtained. Yield 
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1.8 mgms (91%). The ketone was recrystallized from 


methanol as colourless clusters. M.P. 285-6°C. 


P.M.R. (CDC1 3): 6. 4462 (0d, 72H; dr=. 10; C=CH,), Gp3.36 


Smal i) so. Seoc ee) Mbyte tH) pO Ob. Ss... 13H, CH,—C=C), 


Siglo; (e7sHeCH4— CR.) 751-1813, 6H, CH Sal ea oll 


3 
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(s, 3H, CH —CR,)- 


3 3 


I.R. (film cast): 2760 Cmie (s, CH), 1720 gore 
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(sh, w), 


Dede icnes hs). elo 76ecus 4s). 


Mass spectrum: 468 (P, C304 4%: LOCOS), 2:8 (Cy GHo 6s 


g2%), 203 (C) 5H53, 56%), 189 (C) 4Ho1° 51), 275 (C) 3819" 


22%) %- 53 (CoH, 405, 63%), e222 (CoH, 3, 49%), 4107 (CoH 4) 
47%), 95 (C{Hj 4) 42%), 93 (CoH, 553 )5 

U.V. (MeOH) : oe (ec = 10,000) 

after addition of 1 drop 0.1N NaOH Aaa = 288 (ec = 26,600). 


Preparation of lupanone (128) 


A mixture of glochidone (108) (150 mgms, 0.35 mmoles) 
and palladium on charcoal (5 mgms) in methanol (25 mls) 
was hydrogenated with 1 atm. of hydrogen and continuous 
Stirringstor,cight.hours. .iTheamixture«wasythen ti) tered 
to remove the palladized charcoal and the filtrate 
concentrated in vacuo to give lupanone (128). Yield 


bab omoms(93%)ic -MéP.1i203-4°C.4110. 203-4. rer »117,),. 
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Pen. Re (CDGUSI%: 9842). 30¢m, PInYeCHs—"C0) 7 "8022051297 (m; 

48H). 

Pena (fsimcast) : * 2950 emer Ws -ke—n)) T7olleme: (e: 
C=O). 

Mass spectrum: 426 (P, C3QHE 90. 9'63:)'; «421 (C59H,70, 25%), 

383 (CjH,,0, 41%), 206 (C),H,,, 42%), 206 (C,,H,.0, 


26%), 205 (C)cHoc, 263))7..205 (C) 4H5)0, LOO) ), 191 (Cj ,H53- 


49%), 163 (C 63%), 149 (C48 7° 51%), 123 (CoH) oy 


64%), 107 (CoH 


39" 


86%), 121 (Cy 57%), 109 (CoH 


ker Li 


47%). 


Saab 


52%), 95 (C,H 86%), 93 (CH 


yee es ye 


Gen... (Eb, 6.55 moms/m_Li, CHC1,): + 746; 


C20. )(C, 6.55 mgoms/ml, CHC1.,): 0; arr ATA ah 


[8] 46 [S]599 


[8lo4o + 10. 


Preparation of lupanol (129) 


Sodium borohydride (13 mgms, 0.34 mmoles) was added 
to a solution of lupanone (128) (140 mgms, 0.33 mmoles) 
invdry T.H.F. -(50 mls). Theomixture: wasistirred: for 12 
hours and then concentrated under reduced pressure. 

The residue was redissolved in a mixture of water (20 
mls) and methylene chloride (20 mls). The organic layer 
was removed and the aqueous layer extracted twice more 


with methylene chloride. The methylene chloride solution 


ars, 08 tia, 
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was dried over Na,SO, and concentrated tn vacuo to yield 


pure: Lupanod: (129)... -Xield 119 imgms' (85%) . 
PoM.R, (CDC1,): Or Sol (G40 hed pally 7d v= 910 vande6; ;CH— OH), 
Oh. 9=0.,64 (m7 1 STH) 


I-R. (film cast): 3380 on > (s, O—H), 2950 cm 


(s, C—H). 
Mass spectrum: 428 (P, C39H520, LOS) eu (Cj 4H5 30, 58s), 
189 (C) 4H51° 43%), 135 (Ci oHy 5: 47S) 71123 (CoH, o, 56%), 
E21 (CoH, 3, 48%), 109 (C,H) 3, 51%) 95 (ClHy 4° 92%), 493 


(C5Hy, 61%), 69 (CoHos 100%). 


Preparation of lupeol acetate (130) 


Acetyl chloride (39 mgms, 35 ul, 0.5 mmoles) was 

- added to a solution of lupeol (129) (110 mgms, 0.26 mmoles) 
and pyridine (48 mgms, 49 ul, 0.6 mmoles) in methylene 
chloride (10 mls). The solution was stirred at room 
temperature for 1 hour and then diluted with saturated 


NaHCO. solution (20 mls). The organic layer was removed 


5 
and the aqueous layer extracted twice more with methylene 
chloride. Combination of the organic layers, drying 

over MgSO, and concentration under reduced pressure 
yielded crude lupeol acetate (130). This was treated 
under high vacuum overnight to remove final traces of 
pyridine. Yield 109 mgms (90%). This material was 


recrystallized from chloroform/methanol to yield clear 


transparent“plates MiPi2245=7°C (lit 245-6 Ref 117). 
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Bnalis« Caled 5C, 812464 eH .ll 7/56 


Founds Cy, 3080 7:8) “Rae 70 


P.M.R. (CDC1,): 67 4.50°(a of Gd, sth, J = 10.and, 6, (CH— OAc), 


2404 (8, )3H «CH 


37 C9), Of 250— O(n, OOH). 


PeR. (film cast): 2960 cmt. (s,.C—H), 1730 cm™ (s, 


OCOCH,), 1250 onl st(ae OCOcH,) . 


Mass spectrum: 470 (P, C 40%) ,, 410 (C BOS)2, 


30450" 
100%), 136 (Cc 


Spat at 


249 (C 28%) pelo (Ci, 


1ofi6’ 
B71) 109R (Ce H 


Hoy! 
50%), 121 (CoH 


6025-2" 
54%), (Crab, 2? 
47%), 107 (CoH 


13% Se 


46%), 95 (CH 68%). 
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Preparation of Glochidonylyacetates (131) 


Acetyl chloride (60 mgms, 55 ul, 0.76 mmoles) was 
added to a solution of glochidonol (109) (180 mgms, 0.41 
mmoles) and pyridine (70 mgms, 72 ul, 0.88 mmoles) in 
methylene chloride (20 mls). The mixture was stirred 
for 2 hours at room temperature and then diluted with 
saturated NaHCO, solution. The organic layer was drawn 
off and the aqueous layer extracted twice more with 
methylene chloride. The organic fractions were combined, 
dried over MgSO,, and concentrated under reduced pressure. 
The residue was kept under high vacuum overnight to 
remove final traces of pyridine to give Glochidonol 
acetate (131). Yield 190 mgms (96%). It was recrystallized 


from methanol to give needles. M.P. 195-6 (lit 196 Ref 114). 
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P.M.R. (CDCl): On 4eouild OfCae slaps. ds= 8.2 andes, 
CH OAc) 77 04:..6y (a, S2H, C=CH,), bes cle id) of da, LH, 
eS San) 46.2); AcO— CH= CO) On aeke td OL rd, lH. Je= 15 


3 


(Diese, 3H, CH.— C=C), 6) 1.6-0.6) (nm, 39H) . 


3 


ER ON Lim cast): 42960) cus (ey C=-H),1730'cemn 


a 


(s, 


O—COCH,), 1720 Ee e. RCO), 1240 cm" (s, O—COCH,). 


Mass spectrum: 482 (P, C LPSe) > 422 (C 


3014677 
29%), 147 (Cc 


3245993: 


100%), 189 (C 31%), 149 (Cy 


Py aise 
SEK) algal leas 


14421" Hige 
32%), 135 (Cc S78) lS ante Aner. tae 


68%), 107 (CoH 70%), 95 (C5H 
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Preparation of 1,f-acetyoxy-3,8-hydroxylupene (132) 


Sodium borohydride (15 mgms, 0.4 mmoles) was added 
to a solution of glochidonol acetate (131) (185 mgms, 
0.38 mmoles) in dry T.H.F. (20 mls). The mixture was 
stirred at room temperature for 24 hours. The T.H.F. 
was removed under reduced pressure and the residue 
dissolved in a mixture of saturated NaHCO, solution (20 
mls) and methylene chloride (20 mls). The organic layer 
was drawn off and the aqueous layer extracted twice 
more with methylene chloride. The methylene chloride 
solution was dried over Na,SO, and concentrated tn vacuo 


to give 1,8-acetoxy,3,f-hydroxylupene (132). Yield 
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159 mgms (86%). This was recrystallized from methanol 


to give white clusters. M.P. 215-217°C. 
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Preparation of 18,3B-diacetoxy lupene (133) 


Acetyl chloride (40 mgms, 36 ul, 0.5 mmoles) was 
added to a solution of 1,f-acetoxy-3, 8-hydroxylupene 
(132) (150 mgms, 0.31 mmoles) and pyridine (47 mgms, 49 
ul, 0.6 mmoles) in methylene chloride (20 mls). The 
solution was stirred at room temperature for 30 minutes 
and then diluted with an equal volume of saturated NaHCO, 
solution. The organic layer was drawn off and the 
aqueous layer extracted twice with methylene chloride. 


The methylene chloride layers were combined and dried 
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over MgSO, and concentrated tn vacuo to 18,38-diacetoxy 
lupene (133). Yield 148 mgms (91%). This was recrystal- 
lized from methanol to give white clusters. M.P. 208-10°C 


(lit 208-10 Ref 114). 
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